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HYPOHIDROTIC ECTODERMAL DYSPLASIA GENES AND PROTEINS 

This application is a,e'ontinuation-in-part application of U.S. Patent Application No. 
09/342,681 ffled June 29, 1^99, and claims priority from U.S. Provisional Applications 60/092,279 
5 filed July 9, 1998 and 60/i 12,366 filed December 15, 1998. 
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FIELD 

This disclosure relates to nucleic acid sequences and proteins involved in hypohidrotic 
1 5 ectodermal dysplasia (HED) and the development of hair, teeth, and sweat glands. 

BACKGROUND 

Hereditary ectodermal dysplasia is an inherited disorder that affects the development of 
ectodennally derived structures, such as hair, teeth and sweat glands. The hidrotic form of the 

20 disease is characterized by poorly developed teeth and hafr. The anhidrotic or hypohidrotic form of 
the disease finther affects the development of sweat glands, which interferes with the abUity to sweat, 
and the maintenance of thermoregulatory homeostasis. Both X-lmked and autosomal dominant and 
recessive forms of the disease have been described. 

X-linked hypohidrotic ectodermal dysplasia (XLHED; McKusick's number 305 100), the 

25 most common form of the ectodermal dysplasias, results in the abnormal development of teeth, hair 
and eccrine sweat glands. Identification of the gene that is defective in this disease would help 
explam the molecular basis of XLHED, as well as the molecular mechanisms involved m normal 
tooth, hair and eccrine sweat gland development. Identification of the gene would also permit 
mutation testing for XLHED in potentially affected males and carrier females. 

30 Heterozygote carriers of XLHED may have minor or moderate degrees of hypodontia, 

hypotrichosis and hypohidrosis, although many show no obvious clinical manifestations. This 
clinical variation, presumably caused by random X-inactivation (Lyoruzation), makes accurate 
diagnosis of carrier females difficult. Although indirect testing for carrier status is possible by 
linkage analysis in informative families (Zonana, 1993, Semin Dermatol 12:241-6), carrier detection 

35 by this method is impossible in families with single affected individuals, male or female, whose 
disorder may be the result of a de novo mutation. Detection of mutations within the EDAl gene 
would also be advantageous in families with only a smgle affected sibship, because a rarer autosomal 
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recessive form of the disorder (ARHED) is clinically indistinguishable from XLHED in affected 
males. 

A gene identified as EDAl was isolated by positional cloning (Kere et al, 1996, Natw-e 
Genet. 13:409-416). A single 858 bp cDNA, representing a Ml length transcript composed of two 
5 exons, was identified from an adult sweat gland cDNA library. In situ analysis showed that the 

EDAl gene was expressed in hair follicles and the epidermis of adult skin. The putative gene product 
is a 135 amino acid protein, which has no clear homology to other proteins (see U.S. Patent No. 
5,700,926). The protein is predicted to contain a single fransmembrane domain, and fractionation 
studies of transfected cell lines showed that the protein product is localized to the plasma membrane 

10 (Ezer et al, 1997, Hum. Mol. Genet. 6:1581-7). Yeast artificial chromosomes (YACs) containing at 
least a portion of the human EDAl gene were disclosed in U.S. Patent No. 5,556,786. 

A syndrome similar to HED, with anhidrosis and absence of sweat glands, is known in the 
mouse, in which the mutant gene is called Tabby (To). Consistent with the map position in humans, 
the Ta gene has been mapped in the syntenically corresponding region in the X chromosome of the 

15 mouse (Brockdorff et al., 1991, Genomics 10:17-22). The Tabby phenotype is mdistinguishable from 
that seen for mutations in downless, another spontaneoiis mouse mutation identified in the late 1950s 
on the A/H sttain (Philips, 1960, Mouse News Letter 23:29). Tabby and downless mice have 
abnormally shaped or absent teeth (Gruneberg, 1965, J. EmbryoL Exp. Morph. 14: 137-59), missing 
sweat glands and absence of some hair types (Sxmdberg. 1994. The Downless (dl) and Sleek (Dl ^''^'') 

20 mutations. Chromosome 10. In Maibach.H.I. (ed). Handbook of mouse mutations with skin and hafr 
abnormalities. CRC Press, Inc., Boca Raton, FL. 241-229.). 

SUMMARY OF THE DISCLOSURE 

The present disclosure has been made possible by the discovery that there are previously 
25 unidentified alternative transcripts of the EDAl gene. The present disclosure includes an EDAl 

cDNA splice-form (SEQ ID NO 1) that is homologous to the Ta cDNA (SEQ ID NO 3), and codes 
for a second isoform of the EDAl protein (isoform 11 or EDAl-H). Nearly all of the mutations 
associated with XLHED are located within exons identified in this new splice-form. Also disclosed 
is a nucleic acid sequence encoding a human EDAl -II sequence (SEQ ID NOS 5- 1 1), which encodes 
30 a 391 amino acid ligand protein (SEQ ID NO 2). EDAl-O is involved in hair, tooth, skin, and 

eccrine sweat gland morphogenesis. A form of the protein is present in hxmians, mice, cow and dog, 
and likely serves the same or nearly identical roles in each of these organisms. 

Also provided herein are amino acid sequences of a receptor for the EDAl-II/Ta ligand, 
referred to as hximan downless (DL) and murine downless (dl), respectively. Murine and human cDNA 
35 and amino acid sequences for dl and DL receptors are provided in SEQ ID NOS 12, 19, 18 and 17. 

Having provided the nucleotide sequence of EDAl -II, dl, and DL, correspondingly provided 
are the complementary DNA strands of these cDNA moleciiles and DNA molecules which hybridize 
under stringent conditions to these cDNA molecules, or their complementary strands. Such hybridizing 
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molecules include DNA molecules differing only by minor sequence changes, including nucleotide 
substitutions, deletions and additions. Guidance about making such mutations, while maintaining 
biological activity of the proteins, is provided by the illustration of mutations that interfere with EDAl- 
n biological activity. Further guidance is provided by comparison of the sequences from different 
5 species, which illustrate highly conserved sequences. 

Through the manipulation of the disclosed nucleotide and amino acid sequences by standard 
molecular biology techniques, variants of EDAl-II, dl and DL can be made which differ in precise 
amino acid sequence from the disclosed proteins, yet which maintain the basic functional 
characteristics of the disclosed proteins, or which are selected to differ in some characteristics from 
1 0 these proteins. Variants can also be made which interfere with receptor action, and therefore act as 
antagonists. 

Provided herein are methods and compositions for increasing or decreasing the development 
of any cell or tissue of ectodermal origin, such as hair, teeth, skin, and/or sweat glands, by altering 
EDAl-II activity in a cell or tissue. EDAl-II activity can be increased or decreased using the EDAl- 
15 n, dl and DL gene, cDNA and protein sequences (and variants, polymorphisms and mutants thereof), 
as well as antisense molecules and specific binding agent disclosed herein alone or with a 
pharmaceutical carrier. 

The present disclosure also provides a method for screening for compounds which increase 
or decrease development of hair folhcles, sweat glands, teeth, or any other ectodermal tissue by 
20 determining whether a test compound binds to a DL or dl receptor in a cell expressing the receptor. 

The foregoing and other objects, features, and advantages of the disclosure will become 
more apparent from the following detailed description of several embodiments which proceeds with 
reference to the accompanying figures. 

25 BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a sequence comparison of an EDAl-II (EDA) and Tabby (Ta) protems. Amino 
acid identities are indicated by an asterisk (*). The transmembrane domain is boxed. A vertical line 
designates the start of the protein sequence imique to isoform II. The Gly-X-Y domain is indicated 
by boldface type, with the 2-amino acid interruption indicated by shadowed lettering. A blackened 

30 circle is shown above two potential N-linked glycosylation sites, and three C-terminal cysteines are 
indicated by underlining and boldface type. 

FIG. 2 is a schematic diagram of the gene structure and predicted protein products of the 
EDAl isoforms I and XL The protein products of the two splice forms are depicted in panels A and C. 
The vertical lines separate protein regions encoded by different exons. Transmembrane ("TM") and 

35 collagen-like (Gly-X-Y) domains are shown. The relative positions of the mutations identified in the 
specification are depicted in panel C, with missense mutations mdicated by blackened triangles, 
deletions indicated by imblackened diamonds, and a nonsense mutation indicated by an asterisk (*). 
Mutations in exon 1 are not included in this figure. The EDAl gene structure is depicted in panel B, 
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with the numbered boxes representing exons and the connecting lines representing intronic regions. 
The start and stop codons are indicated by ATG and TAG, respectively. 

FIG. 3 is a digital image of an agarose-gel analysis of EDAl-II Del794-829. Circles represent 
females, with a dot indicating XLHED carrier status. Blackened boxes represent affected males. 
5 Molecular size markers are shown in lane 1 , and control DNAs from unrelated, unaffected males are 
shown in lanes 2 and 8. 

FIG. 4 is a comparison of the sequences of the central P-sheet of EDAl-II compared with 
human tumor necrosis factor (Hu TNF), lymphotoxin a (LTa), lymphotoxin p (LTP), FAS, and 
CD40-L (Ugand), which are all members of the TNF family of protems. One dot over a column 
1 0 indicates conservation across aU sequences. Two dots over a column indicates the G(x)Y (glycine and 
tyrosine residues) identified in aU the TNF related proteins. 

FIG. 5 is a schematic diagram illustrating the DL gene transcript, physical map and genomic 
organization, (a) cDNA from which the consensus sequence was constructed, (b) Physical map of the 
region with relevant genomic clones. BAC359N4, identified by a library screen, contains exons 2-12 
1 5 and the 3' UTR. BAC2382K18, ascertained through data base searches, includes exon 1 plus the 

5'UTR. The cenfromeric to telomeric orientation of the BACs and the candidate gene are unknown. 
Marker D2S1893 is either intragenic or 3' to the candidate gene, (c) Genomic structure with open 
reading frame shaded. The sizes of two introns were not determined (ND). 

FIG. 6 is a schematic drawing representing the mutations observed in Family ED1237. (a) 
20 Pedigree with haplotypes showing lack of transmission of a D2S 1 893 allele from father to either 
affected child, (b) Partial sequence showing hemizygous wild type (wt) sequence in father (I-l), a 
heterozygous mother (1-2), and homozygous mutant (mt) sequence (266G^A) in children (II-l & II-2). 

FIG. 7 is a comparison mouse dl (SEQ ID NO 19) and human DL (SEQ ID NO 17) amino acid 
sequences. (:) denotes identical residues; (.) identifies conserved residues. The cysteine-rich region 
25 (residues 30-7 1) is boxed and shaded with cysteines in bold; the potential transmembrane domain 
(residues 190-21 1) is underlined. The open box (residues 410-43 1) identifies the potential death 
domam region. 

FIG. 8 is a schematic diagram illustrating domains of dl and DL receptor proteins. 

30 SEQUENCE LISTING 

The nucleic and amino acid sequences in the accompanying sequence listing are shown 
using standard letter abbreviations for nucleotides, and three letter code for amino acids. Only one 
strand of each nucleic acid sequence is shown, but the complementary strand is understood as 
included by any reference to the displayed strand. 
35 SEQ ED NO 1 shows a cDNA sequence of a human EDAl-II, including portions of 3 ' and 5' 

noncoding regions (GenBank Accession No. AF060999). 

SEQ ID NO 2 shows an amino acid sequence of a human EDAl-II protein (GenBank 
Accession No. AAC36302). 
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SEQ ID NO 3 shows a cDNA sequence of Tabby (Ta), including portions of the 3' and 5' 
noncoding regions (GenBank Accession No. AF004435). 

SEQ ID NO 4 shows an amino acid sequence of a murine Ta protein (GenBank Accession No. 
AAB88122). 

SEQ JD NOS 5-11 are sequences of EDAl-II exons 3 (GenBank Accession No. AF060992), 4 
(GenBank Accession No. AF060993), 5 (GenBank Accession No. AF060994), 6 (GenBank Accession 
No. AF060995), 7 (GenBank Accession No. AF060996), 8 (GenBank Accession No. AF060997) and 9 
(GenBank Accession No. AF060998), respectively, with 3' and 5' flanking intronic sequences. 

SEQ ID NO 12 shows a cDNA sequence of a mouse dl gene (GenBank Accession No. 
AF160502). 

SEQ ID NO 13 shows an open reading frame of a mouse dl gene. 
SEQ ID NO 14 shows an open reading frame of SEQ ID NO 1 (EDAl-U). 
SEQ ID NO 15 shows an open reading frame of SEQ ID NO 2 (Ta). 
SEQ ID NO 16 shows an open reading frame of a human DL cDNA (GenBank Accession 
No. AF130988) 

SEQ ID NO 17 shows an amino acid sequence of a human DL protein. 

SEQ ID NO 18 shows a cDNA sequence of a himian DL, ittcludmg the 5' and 3' UTR. 

SEQ ID NO 19 shows an amino acid sequence of a murine dl proteia. 

SEQ ED NOS 20-21 show PGR primers used to amplify exon 5 of EDAl-II. 

SEQ ID NOS 22-29 show oHgonucleotide primers that can be used for diagnosis of 
ectodermal dysplasia. 

SEQ ID NOS 30-33 show PGR primers used to screen a BAG library. 

SEQ ID NOS 34-45 show PGR primers used to clone a murine dl gene. 

SEQ ID NOS 46-73 show PGR primers used to clone a human DL gene. 

SEQ ID NOS 74-93 show primers used for mutation screening of a human DL gene using 
SSCP analysis. 

SEQ ID NOS 94-1 16 show human DL exons 1-12 with partial flanking genomic sequences 
(GenBank Accession NOS. AF130989 - AF130996). 

SEQ ID NOS 1 17 and 118 show oligonucleotide primers that can be used for diagnosis of 
ectodermal dysplasia. 

SEQ ID NOS 1 19-122 show oHgonucleotide primers that can be used to amplify the TNF 
homology domain of a mouse dl using nested PGR. 

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS 
Abbreviations and Terms 

The following explanations of terms and methods are provided to better describe the present 
disclosure and to guide those of ordinary skiU in the art in the practice of the present disclosure. As 
used herein and in the appended claims, the smgular forms "a" or "an" or "the" include plural 
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references unless the context clearly dictates otherwise. For example, reference to "a protein" 
includes a plurality of such proteins and reference to "the antibody" includes reference to one or more 
antibodies and equivalents thereof known to those skilled in the art, and so forth. 

Unless explained otherwise, all technical and scientific terms used herein have the same 
5 meaning as commonly imderstood to one of ordinary skill in the art to which this disclosure belongs. 

AUele specific oligonucleotide (ASO) analysis: A method which can be used to detertnine if 
a mutation is present in a gene. In this method, probes or primers are designed to hybridize selectively 
to either the normal or mutant allele. These probes are used, with two other probes, to amplify the 
sequences across the mutation site, for example using PGR. The amplified DNA is applied to 
1 0 nitrocellulose, for example using slot-blotting. The nitrocellulose filter is then hybridized with the 

normal or mutant probe. The probe can be radiolabeled or labeled with a chemilumiaescent compound. 

The resulting autoraxiiographs are analyzed to determine if a subject's amplified DNA is 
normal, deleted, or if both sequences are present. If only the normal sequence is present, then the 
subject does not have that specific mutation. If only the mutant sequence is detected, the subject is 
1 5 homozygous or hemizygous for the mutation which causes ectodermal dysplasia (ED). If both 

sequences are present, the subject is heterozygous for the mutation which causes ED, and is therefore 
a carrier. 

cDNA (complementary DNA): A piece of DNA lacking internal, non-coding segments 
(introns) and regulatory sequences which determine transcription. cDNA can be synthesized in the 

20 laboratory by reverse transcription fi-om messenger RNA extracted fi'om cells. 

Chemical synthesis: An artificial means by which one can make a protein or peptide, for 
example as described iu EXAMPLE 28. 

Deletion: The removal of a sequence of a nucleic acid, for example DNA, the regions on 
either side being joined together. 

25 DNA: Deoxyribonucleic acid. DNA is a long chain polymer which comprises the genetic 

material of most living organisms (some viruses have genes comprising ribonucleic acid, RNA). The 
repeating units m DNA polymers are four different nucleotides, each of which comprises one of the 
four bases, adenine, guanine, cytosine and thymine bound to a deoxyribose sugar to which a 
phosphate group is attached. Triplets of nucleotides, referred to as codons, ia DNA molecules code 

30 for amino acid in a polypeptide. The term codon is also used for the corresponding (and 

complementary) sequences of three nucleotides in the mRNA into which the DNA sequence is 
transcribed. 

Dideoxy fingerprinting (ddF): Another method which can be used to determine if a mutation 
is present in a gene. This method is a hybrid between dideoxy sequencing and SSCP that can detect the 
35 presence of single base and other sequence changes in PCR-amphfied segments. ddF involves a Sanger 
sequencing reaction with one dideoxynucleotide, followed by nondenaturing gel electrophoresis. The 
approximate locations of the sequence changes could be determined from the ddF pattern. Genomic 
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DNA is amplified as ia SSCP with the same primer sets. Analysis can be performed manually with 
radioactive labeling or by fluorescent techniques on an automated sequencer. 

dl and DL cDNA: A dl (murine) or DL (human) cDNA is fimctionaUy defined as a cDNA 
molecule which, if transferred into and expressed in a cell, modulates the development of hair follicles, 
5 teeth, sweat glands and/or any other tissue of ectodermal origin, for example increasing or mhibititig 
such development. In other embodiments, when dl or DL cDNA is transfected into cells from some 
subjects (or patients) with autosomal recessive HED, restores the normal phenotype. In other or 
additional embodiments, dl and DL receptor cDNAs are activated by binding to a Ta or EDAl-II 
ligand, respectively, to increase or decrease development of hair follicles, teeth, and/or sweat glands, dl 
1 0 and DL cDNA can be derived by reverse transcription from the mKNA encoded by dl and DL genes, 

respectively and lacks internal non-coding segments and transcription regulatory sequences present in a 
dl or DL gene, respectively. Includes sequence variants, fragments, polymorphisms, and fusions 
thereof. 

dl or DL gene: A gene which encodes a dl or DL protein, respectively, which is a receptor for 

15 the Ta and EDA 1 -II ligand, respectively. Mutant forms of dl are associated with murine downless 

mutations. Mutant forms of DL are associated with HED, such as autosomal forms of the disease. A dl 
or DL gene includes the various sequence polymorphisms and allelic variants that exist within and 
between species. The human DL gene is abbreviated DL, and the murine gene is abbreviated dl. 

dl and DL protein: A protein encoded by a dl or DL gene or cDNA, respectively. In one 

20 embodiment, dl and DL protein includes the ftill-length dl or DL transcript (SEQ ID NOS: 1 9 and 1 7, 
respectively), as well as shorter peptides which retain the ability to increase or decrease the 
development of hair follicles, teeth, sweat glands and/or any other tissue of ectodermal origin. This 
definition includes natural allelic variants in the disclosed sequences, as well as the protein of any 
species, and variant, fragment, or fusion peptides which retain the ability to increase or decrease 

25 development of hair follicles, teeth and/or sweat glands, in any species. Non-hmiting specific examples 
include mouse, rat, chicken, rabbit, cat, and human. In particular examples, the proteins provided by 
the disclosure encode dl and DL receptors of mammalian origin. In other or additional embodiments, 
the dl or DL protein increases or promotes the development of hair follicles, teeth, sweat glands and/or 
any other tissue of ectodermal origin, for example as described in EXAMPLE 19. In other 

30 embodiments, antagonists of a dl or DL protein decrease the development of hair follicles, teeth, sweat 
glands and/or any other tissue of ectodermal origin, for example as described in EXAMPLE 20. 

EDAl-n activity: The activity of an agent in which the growth and/or development of hair 
follicles, teeth, sweat glands (such as eccrine sweat glands) and/or any other tissue of ectodermal 
origin (for example skin epidermis) is affected. Agents include, but are not limited to EDAl-II, dl, 

3 5 and DL proteins (including mimetics), nucleic acids (including DNA, RNA, and antisemse 

molecules), specific binding agents, agonists, and antagonists, mcluding variants, polymorphisms, 
fusions, and fragments thereof, disclosed herein. In one embodiment, EDAl-n activity is said to be 
enhanced when EDAl-n, dl, and DL proteins, nucleic acids, specific binding agents, agonists, and/or 
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antagonists promote or increase the growth and/or development of hair follicles, teeth, sweat glands 
and/or any other tissue of ectodermal origin by a certain amount, for example by at least 1 0%. In 
other embodiments, EDA 1 -II activity is said to be reduced when EDA 1 -II, dl, and DL proteins, 
nucleic acids, specific binding agents, agonists, and/or antagonists decrease or inhibit the growth 
5 and/or development of hair follicles, teeth, sweat glands and/or any other tissue of ectodermal origin 
by a certain amoimt, for example by at least 10%. 

Assays which can be used to determine if an agent has EDAl-n enhancing or reducing 
activity are described herein, for example in EXAMPLES 19 and 20. For example, a proposed 
EDAl-n secreted peptide (amino acids 133-391) can be assessed for its ability to increase hair 

1 0 follicle development by the intradermal injection or topical application of the protein to the skin or 
tails of newborn tabby mice. Fxmctional protein activity would be detected by the induction of hair 
growth. Alternatively or in addition, the protein or polypeptide can be applied to skin dissected from 
mouse embryos, and the number of hair follicles calculated as described by Yan et al. {Science 
290:523-7, 2000, herein incorporated by reference). Alternatively or in addition, the protem can be 

1 5 applied to or injected into the footpads of newborn tabby mice, with subsequent monitoring of sweat 
gland development. Alternatively or in addition the truncated protein can be applied to or expressed 
in an ?n vitro tooth organ culture system, and determine whether developmental changes occur (which 
are not expected in the absence of a fimctional protein). Similar assays can be used to determine if 
any agent disclosed herein can decrease the growth and/or development of hair follicles, teeth, sweat 

20 glands and/or any other tissue of ectodermal origin (for example skin epidermis). Any of these 

assays can be modified by using in vivo expression an EDAl-II, dl, or DL gene, and variants, fusions, 
and fragments thereof, instead of applying/injecting purified proteins. 

EDAl-n cDNA: The EDAl-II cDNA is fimctionally defined as a cDNA molecule which, 
when transfected into and expressed in a cell, modulates the development of hair folUcles, teeth, sweat 

25 glands and/or any other tissue of ectodermal origm. In other embodiments, when EDAl-II cDNA is 
transfected into a ceU from some subjects with XLHED, restores the normal phenotype. EDAl-II 
cDNA can be derived by reverse franscription from mRNA encoded by an EDAl-II geas and lacks 
internal non-coding segments and transcription regulatory sequences present in an EDAl-II gene. 
Includes sequence variants, fragments, polymorphisms, and fusions thereof. 

30 EDAl-II gene: A gene which encodes for a EDAl-II protein which is a ligand for the DL 

receptor protein. Mutant forms of EDAl-II are associated with HED, such as X-linked forms of the 
disease. An EDAl-II gene includes the various sequence polymorphisms and allelic variants that exist 
in the species in question. 

EDAl-n protem: A protein encoded by an EDAl-II gene or cDNA. In one embodknent, an 

35 EDAl-II protein includes a Ml-length transcript (SEQ ID NO: 2), as well as shorter peptides which 

retain the ability to increase or decrease (such as inhibit) the development of hair follicles, teetiti, sweat 
glands and/or any other tissue of ectodermal origin. In additional or alternative embodiments, an 
EDAl-n protein is believed to bmd as an agonist to a DL receptor and activate signal fransduction that 



WDN/SLR:dm 6005-55924 12/04/00 EXPRESS MAK LABEL NO. EL696106925US 

Date of Deposit: December 4, 2000 

-9- 

promotes the development of hair follicles, sweat glands and/or teeth. The protein includes natural 
allelic variants in the disclosed sequences, as well as the protein of any species, and variant peptides 
which retain the ability to increase or decrease growth of hair follicles, teeth and/or sweat glands, in 
species such as mouse, rat, chicken, rabbit, cat, and human. In particular examples, the proteins 
5 provided by the disclosure encode an EDA 1 -11 Hgand of mammalian origin. In other or additional 
embodiments, the EDAl-II protein increases or promotes the growth of hair follicles, teeth, sweat 
glands and/or any other tissue of ectodermal origin, for example as described in EXAMPLE 19. In 
other embodiments, antagonists of an EDAl-II protein decrease or inhibit the growth of hair follicles, 
teeth, sweat glands and/or any other tissue of ectodermal origin, for example as described in 
10 EXAMPLE 20. 

HED: Hypohidrotic ectodermal dysplasia, which can include X-linked and autosomal forms 
of the disease. 

Isolated: An isolated nucleic acid has been substantially separated or purified away fi-om 
other nucleic acid sequences in the cell of the organism in which the nucleic acid naturally occurs, i.e., 
1 5 other chromosomal and extrachromosomal DNA and RNA. The term "isolated" thus encompasses 
nucleic acids purified by standard nucleic acid purification methods. The term also embraces nucleic 
acids prepared by recombinant expression in a host cell as well as chemically synthesized nucleic acids. 

Mammal: This term includes both human and non-himian mammals. Similarly, the terms 
"patient," "subject," and "individual" includes both human and veterinary subjects. 
20 Mutant DL/dl gene: A mutant form of a DL/dl gene which in some embodiments is 

associated with disease. In one embodiment the disease is ectodermal dysplasia. In another 
embodiment, the disease is autosomal recessive HED. 

Mutant DL/dl RNA: The RNA transcribed from a mutant DL/dl gene. 
Mutant DL/dl protein: The protein encoded by a mutant DL/dl gene. 
25 Mutant EDAl-II gene: A mutant form of the EDAl-II gene which in some embodiments is 

associated with disease. In one embodiment the disease is ectodermal dysplasia. In another 
embodiment, the disease is XLHED. 

Mutant EDAl-n RNA: The RNA transcribed from a mutant EDAl-H gene. 
Mutant EDAl-n protein: The protein encoded by a mutant EDAl-H gene. 
30 Normal cells: Non-tumor, non-malignant cells. 

Oligonucleotide: A linear polynucleotide sequence of up to about 200 nucleotide bases in 
length, for example a polynucleotide (such as DNA or RNA) which is at least about 6 nucleotides, for 
example at least 15, 50, 100 or 200 nucleotides long. 

Operably linked: A first nucleic acid sequence is operably linked with a second nucleic acid 
35 sequence when the first nucleic acid sequence is placed in a functional relationship with the second 

nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence if the promoter 
affects the transcription or expression of the coding sequence. Generally, operably linked DNA 



WDN/SLR:dm 6005-55924 12/04/00 EXPRESS MAH. LABEL NO. EL696106925US 

Date of Deposit: December 4, 2000 

- 10- 

sequences are contiguous and, where necessary to join two protein coding regions, in the same reading 
irame. 

ORF (open reading frame): A series of nucleotide triplets (codons) coding for amino acids 
without any termination codons. These sequences are usually translatable into a peptide. 
5 Ortholog: Two nucleotide sequences are orthologs of each other if they share a common 

attcestral sequence and diverged when a species carrying that ancestral sequence spht into two 
species. Orthologous sequences are also homologous sequences. 

PCR (polymerase chain reaction): Describes a technique in which cycles of denaturation, 
annealmg with primer, and then extension with DNA polymerase are used to ampUfy the number of 
1 0 copies of a target DNA sequence. 

Probes and primers: Nucleic acid probes and primers can readily be prepared based on the 
amino acid sequences provided herem. A probe comprises an isolated nucleic acid attached to a 
detectable label or reporter molecule. Typical labels include radioactive isotopes, Ugands, 
chemiluminescent agents, and enzymes. Methods for labeling and guidance in the choice of labels 
15 appropriate for various purposes are discussed, e.g., in Sambrook et al. Molecular Cloning: A 
Laboratory Manual^ Cold Spring Harbor Laboratory Press (1989) and Ausubel et al. Current 
Protocols in Molecular Biology, Greene Publishing Associates and Wiley-Intersciences (1987). 

Primers are short nucleic acids, such as DNA oligonucleotides about at least 15 nucleotides 
in length. Primers can be annealed to a complementary target DNA strand by nucleic acid 
20 hybridization to form a hybrid between the primer and the target DNA strand, and then extended 
along the target DNA strand by a DNA polymerase enzyme. Primer pairs can be used for 
amplification of a nucleic acid sequence, e.g., by PCR or other nucleic-acid ampUfication methods 
known in the art. 

Methods for preparing aad using probes and primers are described, for example, in 
25 Sambrook et al. (Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor Laboratory Press, 
1989), Ausubel et al, 1987, and hmis et al, PCR Protocols, A Guide to Methods and 
Applications, 1990, Innis et al. (eds.), 21-27, Academic Press, Inc., San Diego, California. PCR 
primer pairs can be derived from a known sequence, for example, by using computer programs 
intended for that purpose such as Primer (Version 0.5, © 1991, Whitehead Institute for Biomedical 
30 Research, Cambridge, MA). 

One of skill m the art will appreciate that the specificity of a particular probe or primer 
increases with its length. Thus, for example, a primer comprising 21 consecutive nucleotides of a 
human EDAl-II or DL cDNA or gene vrill anneal to a target sequence such as an EDAl-II or DL gene 
homolog (such £is a 7a or dl gene) contained within a genomic DNA hbrary with a higher specificity 
35 than a corresponding primer of only 15 nucleotides. Thus, to obtain greater specificity, probes and 

primers can be selected that comprise at least 1, 25, 30, 35, 40, 50 or more consecutive nucleotides of 
the EDAl-II, dl or DL cDNA or gene sequences disclosed herein. 
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The disclosure thus includes isolated nucleic acid molecules that comprise specified lengths of 
the disclosed EDA 1 -II, dl or DL cDNA or gene sequences. Such molecules can comprise at least 20, 
21, 25, 30, 35, 40 or 50 consecutive nucleotides of these sequences and can be obtained from any region 
of the disclosed sequences. By way of example, the cDNA and gene sequences can be apportioned into 
5 halves or quarters based on sequence length, and the isolated nucleic acid molecules can be derived 
from the first or second halves of the molecules, or any of the four quarters. In particular, the DNA 
sequences may code for a unique portion of EDAl-n isoform (amino acid residues 133-391, as 
munbered in FIG. 1), or a ligand binding region of dl or DL. 

Polynucleotide: A linear nucleic acid sequence of any length. Therefore, a polynucleotide 
10 includes molecules which are at least 15, 50, 100, 200 (oligonucleotides) and also nucleotides as long as 
a fiill length cDNA. 

Promoter: An array of nucleic acid control sequences which direct transcription of a nucleic 
acid. A promoter includes necessary nucleic acid sequences near the start site of transcription, such as, 
in the case of a polymerase n type promoter, a TATA element. A promoter also optionally includes 
1 5 distal enhancer or repressor elements which can be located as much as several thousand base pairs from 
the start site of transcription. 

Purified: The term purified does not require absolute purity; rather, it is intended as a relative 
term. Thus, for example, a purified EDA 1 -II protein preparation is one in which the protein is more 
pure than the protein in its natural envnonment within a cell. For example, a preparation of an EDAl-II 
20 protem is purified if the protein represents at least 50%, for example at least 70%, of the total protein 
content of the preparation. 

Recombinant: A recombmant nucleic acid is one that has a sequence that is not naturally 
occurring or has a sequence that is made by an artiBcial combination of two otherwise separated 
segments of sequence. This artificial combination is often accomplished by chemical synthesis or, 
25 more commonly, by the artificial manipulation of isolated segments of nucleic acids, e.g., by genetic 
engineering techniques. 

RT: Room temperature 

Sample: Biological samples containing genomic DNA, cDNA, RNA, or protem obtamed 
from the cells of a subject, such as those present in peripheral blood, urine, saliva, tissue biopsy, 
30 surgical specimen, fine needle aspriates, amniocentesis samples and autopsy material. 

Sequence identity/similarity: The identity/similarity between two or more nucleic acid 
sequences, or two or more amino acid sequences, is expressed in terms of the identity or similarity 
between the sequences. Sequence identity can be measured in terms of percentage identity; the higher 
the percentage, the more identical the sequences are. Sequence similarity can be measured in terms of 
35 percentage similarity (which takes mto account conservative amino acid substitutions); the higher the 
percentage, the more similar the sequences are. Homologs or orthologs of nucleic acid or amino acid 
sequences possess a relatively high degree of sequence identity/similarity when aligned using standard 
methods. This homology is more significant when the ortibiologous proteins or cDNAs are derived from 
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species which are more closely related (e.g., human and mouse sequences), compared to species more 
distantly related (e.g., human and C. elegans sequences). Typically, EDAl-II and DL orthologs are at 
least 50% identical at the nucleotide level and at least 50% identical at the amino acid level when 
comparing orthologous sequences. 
5 Methods of ali gnm ent of sequences for comparison are well known iu the art. Various 

programs and alignment algorithms are described in: Smith & Waterman, Adv. Appl. Math. 2:482, 
1981; Needleman & Wunsch, J. Mol. Biol. 48:443, 1970; Pearson & Lipman, Proc. Natl. Acad. Sci. 
USA 85:2444, 1988; ffiggins & Sharp, Gene, 73:237-44, 1988; ffiggins & Sharp, CABIOS 5:151-3, 
1989; Corpet et al,Nuc. Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls. in the 

10 Biosciences 8, 155-65, 1992; and Pearson et al, Meth. Mol. Bio. 24:307-31, 1994. Altschul et al, J. 
Mol Biol 215:403-10, 1990, presents a detailed consideration of sequence alignment methods and 
homology calculations. 

The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al, J. Mol Biol 
215:403-10, 1990) is available from several sources, iacluding the National Center for Biological 

1 5 hiformation (NCBI, National Library of Medicine, Building 3 8A, Room 8N805, Bethesda, MD 20894) 
and on the Internet, for use in connection with the sequence analysis programs blastp, blastn, blastx, 
tblastn and tblastx. Additional mformation can be found at the NCBI web site. 

For comparisons of amino acid sequences of greater than about 30 amino acids, the Blast 2 
sequences function is employed using the default BLOSUM62 matrix set to default parameters, (gap 

20 existence cost of 1 1 , and a per residue gap cost of 1). When aHgning short peptides (fewer than aroimd 
30 amino acids), the alignment should be performed using the Blast 2 sequences fimction, employing 
the PAM30 matrix set to default parameters (open gap 9, extension gap 1 penalties). Proteins with even 
greater similarity to the reference sequence will show increasing percentage identities when assessed by 
this method, such as at least 70%, 75%, 80%, 85%, 90%, 92%, 95%, 98%, 99% sequence identity. 

25 When less than the entire sequence is being compared for sequence identity, homologs will typically 
possess at least 75% sequence identity over short windows of 10-20 ammo acids, and can possess 
sequence identities of at least 85%, 90%, 95% or 98% depending on their identity to the reference 
sequence. Methods for determining sequence identity over such short windows are described at llie 
NCBI web site. 

30 Homologs of the disclosed EDAl-II protein are typically characterized by possession of at 

le^t 95%, or at least 98% sequence identity counted over the fixll-length alignment with the disclosed 
amino acid sequence using the NCBI Basic Blast 2.0, gapped blastp with databases such as the nr or 
swissprot database. Queries searched with the blastn program are filtered with DUST (Hancock and 
Armstrong, 1994, Comput. Appl. Biosci. 10:67-70). Other programs use SEG. 

3 5 Homologs of the disclosed dl and DL proteins are typically characterized by possession of at 

least 70% sequence identity counted over the full-length alignment with the disclosed amino acid 
sequences using the NCBI Blast 2.0, or using the manual alignment as described above. Proteins with 
even greater similarity to the dl and DL sequences will show increasing percentage identities when 
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assessed by this method, such as at least 75%, 80%, 85%, 90%, 95% or even 98% sequence identity. 
When less than the entire sequence is being compared for sequence identity, homologs will typically 
possess at least 75% sequence identity over short windows of 10-20 amino acids, and can possess 
sequence identities of at least 85%, 90%, 95% or even 98% depending on their similarity to the 
5 reference sequence. 

One of skill in the art will appreciate that these sequence identity ranges are provided for 
guidance only; it is possible that strongly significant homologs could be obtained that fall outside the 
ranges provided. Provided herein are the peptide homologs described above, as well as nucleic acid 
molectiles that encode such homologs. 

1 0 One indication that two nucleic acid molecules are closely related is that the two molecules 

hybridize to each other under stringent conditions. Stringent conditions are sequence-dependent and are 
different under different envhonmental parameters. Nucleic acid molecules that hybridize under 
stringent conditions to a EDAl-II, DL, or dl gene sequence typically hybridize to a probe based on 
either an enthe EDAl-II, DL, or dl gene or selected portions of the gene, respectively, imder conditions 

15 described m EXAMPLE 21. 

Nucleic acid sequences that do not show a high degree of identity may nevertheless encode 
identical or similar (conserved) amino acid sequences, due to the degeneracy of the genetic code. 
Changes in a nucleic acid sequence can be made usmg this degeneracy to produce multiple nucleic acid 
molecules that all encode substantially the same protem. Such homologous peptides can, for example, 

20 possess at least 75%, 80%, 90%, 95%, 98%, or 99% sequence identity determmed by this method. 
When less than the entire sequence is bemg compared for sequence identity, homologs can, for 
example, possess at le^t 75%, 85% 90%, 95%, 98% or 99% sequence identity over short windows of 
10-20 amino acids. Methods for determining sequence identity over such short windows can be fovmd 
at the NCBl web site. One of skill in the art will appreciate that these sequence identity ranges are 

25 provided for guidance only; it is possible that significant homologs or other variants can be obtained 
that fall outside the ranges provided. 

An alternative (and not necessarily cumulative) indication that two nucleic acid sequences are 
substantially identical is that the polypeptide which the first nucleic acid encodes is knmunologically 
cross reactive with the polypeptide encoded by the second nucleic acid. 

30 Single-Stranded conformation polymorphism (SSCP) analysis: A method which can be 

used to determine if a mutation is present in a gene. In this method, mutations are detected by 
analyzmg the conformational change m a DNA due to the mutation. Briefly, genomic DNA is isolated 
from a subject and the region containing the mutation is amplified, for example using PCR. The 
primers used in the PCR reaction can be radiolabeled to label the DNA fragments, or the DNA can be 

3 5 directly visualized by silver staining. The resulting fragments are electrophoresed on a polyacrylamide 
gel. The bands from the normal sample will have a different electrophoretic mobility than the mutant or 
carrier samples. The samples are analyzed as described above for ASO analysis. 
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Specific binding agent: An agent that binds substantially only to a defined target. AnEDAl- 
n, di or DL specific blading agent binds substantially only the EDAl-II, dl or DL protein, respectively. 

The terms "anti-EDAl-II antibodies" and "anti-dl or DL antibodies" encompasses monoclonal 
and polyclonal antibodies specific for an EDAl-II, dl or DL protein, respectively, i.e., which bind 
5 substantially only to an EDAl-II, dl or DL protein, respectively, when assessed using the methods 
described below, as well as immunologically effective portions ("fragments") thereof. Antibodies 
disclosed herein can be polyclonal antibodies, monoclonal antibodies (mAb) (or immunologically 
effective portions thereof) and humanized mAbs (or immunologically effective portions thereof). 
Immimologically effective portions of mAbs include Fab, Fab', F(ab')2 Fabc, Fv portions as well as any 

1 0 other agent capable of specifically binding to an EDAl-Il, Dl, or dl protein (or the other disclosed 

proteins). Antibodies can also be produced using standard procedures as described in EXAMPLE 23, 
and as described in Harlow and Lane {Antibodies: A Laboratory Manual. 1988). 

The determination that a particular agent binds substantially only to an EDAl-II, dl or DL 
protein can be made using or adapting routine procedures. For example, western blottiag can be used to 

1 5 determine that a specific binding agent, such as a mAb, binds substantially only to the protein (Harlow 
and Lane, Antibodies: A Laboratory Manual. 1988). 

Subject: Living multicellular vertebrate organisms, a category which includes, botii human 
and veterinary subjects for example, marmnals, rodents, and birds. 

Therapeutically Effective Amount: An amount sufficient to achieve a desired biological 

20 effect, for example an amount that is effective to increase or decrease (such as inhibit) the growth 
and/or development of hair foUicles, teeth, sweat glands and/or any tissue of ectodermal origin. In 
particular examples, it is a concentration of EDAl-II, dl and/or DL protein, nucleic acid, specific 
binding agent, agonist, and/or antagonist, effective to increase or decrease the growth and/or 
development of hair follicles, teeth, sweat glands and/or any tissue of ectodermal origin in a tissue, 

25 such as a tissue in a subject to whom it is administered. In other examples, it is an amoimt effective 
to increase the growth and/or development of hair follicles, teeth, sweat glands and/or any tissue of 
ectodermal origin by more than a desired amount. In other examples, it is an amount of EDAl-II, dl 
and/or DL antagonist effective to decrease the growth and/or development of hair folUcles, teeth, 
sweat glands and'or any tissue of ectodermal origin by more than a desired amount. 

30 In one embodiment, the therapeutically effective amount also includes a quantity of EDAl- 

II, dl and/or DL protein sufficient to achieve a desired effect in a subject being treated. In another or 
additional embodiment, the therapeutically effective amount also includes a quantity of EDAl-II, dl 
and/or DL nucleic acid sufficient to achieve a desired effect in a subject being treated. For instance, 
these can be an amount necessary to improve signs and/or symptoms a disease such as HED, for 

35 example by increasing the growth and/or development of hair follicles, teeth, sweat glands and/or any 
tissue of ectodermal origin. 

In yet other embodiments, the therapeutically effective amoimt also includes a quantity of 
EDAl-II, dl and/or DL antagonist (such as a protein, specific binding agent, or nucleic acid) 
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sufBcient to achieve a desired effect ia a subject being treated. For instance, this can be the amount 
necessary to improve signs and/or symptoms a disease such as hirsutism, ectopic teeth or breast 
cancer, for example by decreasing the development of hair foUicles, teeth, or epithelial cells. 

An effective amount of EDAl-II and/or dl/DL agent can be administered in a single dose, or 
5 ia several doses, for example daily, during a course of treatment. However, the effective amovint of 
EDAl -n, dl, and/or DL agent will be dependent on the source of EDAl-II, dl, and/or DL applied (i.e. 
EDAl-n, dl, and/or DL protein isolated from a cellular extract versus a chemically synthesized and 
purified EDAl-II, dl, and/or DL L, protein or a variant or fragment that may not retain full EDAl-II, 
dl, and/or DL activity), the subject being treated, the severity and type of the condition being treated, 
1 0 and the manner of administration of EDAl -H, dl, and/or DL. For example, a therapeutically effective 
amount of EDAl-II and/or dl/DL protein can vary from about 0.01 mg/kg body weight to about 1 
g/kg body weight. 

The EDAl-I, dl, and DL proteins, nucleic acids, and specific binding agents disclosed herem 
have equal application in medical and veterinary settings. Therefore, the general term "subject being 
1 5 treated" is understood to include all animals (e.g. hxmians, apes, dogs, cats, horses, and cows) that 

require an increase or decrease of the growth and/or development of hair follicles, teeth, and/or sweat 
glands susceptible to EDAl-II, dl, and/or DL-mediated modulation. 

Therapeutically effective dose: A dose sufficient to increase or decrease (such as inhibit) 
the growth and/or development of hair foUicles, teeth, sweat glands and/or any tissue of ectodermal 
20 origm, resultmg in a regression of a pathological condition, or which is capable of relieving signs or 
symptoms caused by the condition, such as HED, hirsutism, breast cancer and ectopic teeth. 

Transformed: A transformed cell is a cell into which has been introduced a nucleic acid 
molecule by molecular biology techniques. As used herein, the term transformation encompasses all 
techniques by which a nucleic acid molecule might be introduced into such a cell, mcluding transfection 
25 with viral vectors, fransformation with plasmid vectors, and infroduction of naked DNA by 
electroporation, lipofection, and particle gun acceleration. 

Transgenic Cell: Transformed cells which contain foreign, non-native DNA. 
Tumor: A neoplasm 

Variants or fragments or fusion proteins: The production of EDAl-II, dl, and/or DL 
30 proteins can be accomplished in a variety of ways (for example see EXAMPLES 22, 27, 28 and 36). 
DNA sequences which encode for a protein or ftision protein, or a fragment or variant of a protein, 
can be engineered to allow the protein to be expressed in eukaryotic cells, bacteria, insects, and/or 
plants. To obtain expression, the DNA sequence can be altered and operably linked to other 
regulatory sequences. The final product, which contains the regulatory sequences and the therapeutic 
35 protein, is referred to as a vector. This vector can be infroduced into eukaryotic, bacteria, insect, 
and/or plant cells. Once inside the cell the vector allows the protem to be produced. 

A fusion protein comprising a protein, such as EDAl-II, dl, or DL (or variants, 
polymorpMsms, mutants, or fragments thereof) linked to other amino acid sequences that do not 



WDN/SLR:dm 6005-55924 12/04/00 EXPRESS MAIL LABEL NO. EL696106925US 

Date of Deposit: December 4, 2000 

- 16- 

inhibit the desired activity of the EDAl-II, dl, or DL protein, for example the ability to increase or 
decrease growth and/or development of hair follicles, teeth and/or sweat glands. In one embodiment, 
the other amino acid sequences are no more than 10, 20, 30, or 50 amino acid residues in length. 

One of ordinary skill in the art will appreciate that the DNA can be altered in mmierous 
5 ways without affecting the biological activity of the encoded protein. For example, PCR can be used 
to produce variations in the DNA sequence which encodes EDAl-II, dl, and/or DL. Such variants 
may be variants that are optimized for codon preference in a host ceU that is to be used to express the 
protein, or other sequence changes that facilitate expression. 

Vector: A nucleic acid molecule as introduced into a host cell, thereby producing a 
1 0 transformed host cell. A vector can include nucleic acid sequences that permit it to replicate m the host 
cell, such as an origin of replication. A vector can also include one or more selectable marker genes 
and other genetic elements known in the art. 

XLHED: X-linked hypohydrotic ectodermal dysplasia. 

1 5 Additional definitions of terms commonly used m molecular genetics can be found in 

Benjamm Lewm, Genes ^published by Oxford University Press, 1994 (ISBN 0-19-854287-9); 
Kendrew et al (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.). Molecular Biology and Biotechnology: a 
Cofnprefemrve Z)es^:i?e/ere«ce,pubUshed by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8). 

20 

The present disclosure provides a method of increasing or decreasing the development of 
any cell or tissue of ectodermal origm. In one embodiment, a method for increasing or decreasuig 
hair follicle development, tooth development, or sweat gland development in a tissue by altering 
EDAl-II activity m the tissue is disclosed. In another embodiment, the method can be used to 
25 increase or decrease the development of skin epidermis by altering EDAl-II activity in the tissue. In 
one embodiment, increasing tooth development can be achieved in a subject directly, or alternatively 
in tissue culture (artificial) conditions, with subsequent introduction of teeth into a subject, such as a 
human. 

Disclosed herein is a method of increasing hair follicle development, tooth development, or 
30 sweat gland development in a tissue by increasing EDAl-II activity in the tissue. In one 

embodiment, EDAl-II activity is increased by administering an EDAl-II nucleic acid or protein to 
the tissue, increasing EDAl-II expression in the tissue, and/or increasing EDAl-II sensitivity of the 
tissue. The EDAl-II tissue sensitivity can be increased by enhancing EDAl-Il expression or activity 
in the tissue. In one embodiment, enhancing EDAl-II expression in a tissue consists of introducing 
35 in the tissue an expression vector encoding EDAl-II, such as an expression vector containing a DNA 
sequence. In particular embodiments, the DNA sequence consists of a nucleic acid sequence having 
at least 70%, 80%, 85%, 90%, 92%, 95%, 98% or 99% identity to SEQ ID NO: 1, which enhances 
EDAl-II activity in the tissue. In another embodiment, the DNA sequence is SEQ ID NO: 1, or 
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subsequences thereof such as the C terminal 240 amino acid residues, such as residues 133-391, or 
239-391. 

In yet another embodiment, EDAl-II activity is increased by administering a DL or dl DNA 
or protein to the tissue, iacreasing DL or dl expression in the tissue, or increasing DL or dl sensitivity 
5 of the tissue. DL or dl sensitivity can be increased in the tissue by enhancing DL or dl expression or 
activity in the tissue. In one embodiment, enhancmg DL or dl expression ia the tissue consists of 
introducing an expression vector encoding DL or dl in the tissue. The expression vector can consist 
of a DNA sequence, such as a DNA sequence consisting of a nucleic acid sequence having at least 
70%, 80%, 85%, 90%, 92%, 95%, 98% or 99% identity to SEQ ID NO: 12 or 18 which enhances 

10 EDAl-II activity in the tissue. In another embodiment, the DNA sequence is the nucleic acid 
sequence shown in SEQ ID NO: 12 or 18. 

In another embodiment, EDAl-II activity is increased by administering an EDAl-II protein, 
such as a recombinant protein, to a cell or tissue. In particular embodiments, the EDAl-II protein has 
at least 95%, 98%, or 99% identity to SEQ ID NO: 2 and enhances EDAl-II activity in the cell or 

1 5 tissue. In another embodiment, the protein sequence is the sequence shown in SEQ ID NO: 2. In an 
alternative embodiment, increasmg EDAl-II activity consists of administering DL or dl protein, such 
as a recombinant protein, to a cell or tissue. In one embodiment, the amino acid sequence of DL or dl 
protein has at least 70%, 80%, 85%, 90%, 92%, 95%, 98% or 99%identity to SEQ ID NO: 17 or 19 
and enhances EDAl-II activity m the tissue. In yet other embodiments, the protein sequence is the 

20 sequence shovra m SEQ ID NO: 17 or 19. 

In yet another embodiment, EDAl-II activity is increased by administering a DL or dl 
specific binding agent to a cell or tissue. In one embodiment, the DL or dl specific binding agent is a 
polyclonal antibody, monoclonal antibody or fragment of a monoclonal antibody. 

Also disclosed herein is a method of decreasmg hair follicle development, tooth 

25 development, or sweat gland development in a tissue by decreasing EDAl -II activity in the tissue. In 
one embodunent, EDAl-II activity is decreased by administering a EDAl-II antisense molecule, 
specific binding agent or antagonist, which decreases EDAl-II expression in the tissue, or decreases 
EDAl-II sensitivity of a cell or tissue. EDAl-II sensitivity can be decreased by decreasing EDAl-II 
expression or activity in a cell or tissue, for example, by introducing an EDAl-II antisense molecule, 

30 an EDAl-II specific binding agent or an EDAl-II antagonist in the cell or tissue. In one 

embodiment, EDAl-II expression or activity is decreased by introducing in a cell or tissue a sequence 
having at least 70%, 80%, 85%, 90%, 92%, 95%, 98% or 99% identity to SEQ ID NO: 17 or 19, or 
consists of amino acids 1-183 of SEQ ID NO: 17, which reduces EDAl-II activity in the cell or 
tissue. In another embodiment, EDAl-II expression or activity is decreased by introducmg in a cell 

35 or tissue a DL or dl antagonist. 

The present disclosure are provides compositions consisting of a therapeutically effective 
amount of a nucleic acid or protein having EDAl-II activity and a pharmaceutically acceptable 
carrier. In particular embodiments, the protein having EDAl-II activity is an analogue, derivative or 
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mimetic of the protein having EDAl-II activity. Also disclosed herein is a composition consisting of 
a therapeutically effective amoxmt of an EDAl-II antagonist, a dl antagonist, a DL antagonist, a 
sequence consisting of amino acids 1-183 of SEQ ID NO: 17, or an EDAl-n specific binding agent 
and a pharmaceutically acceptable carrier. In addition, a composition consisting of a DL specific 
5 binding agent, dl specific binding agent, or EDAl-II specific binding agent, and a pharmaceutically 
acceptable carrier is disclosed. Any of the compositions disclosed herein can contain one or more 
other compounds which increase or decrease hair follicle development, tooth development, or sweat- 
gland development. The compositions disclosed herein can be used to increase or decrease hair 
folhcle development, tooth development, or sweat gland development in a cell or tissue, such as in a 

1 0 ceU or tissue of a subject suffering from an ectodermal disease. 

Also provided herein is an antisense oligonucleotide which hybridizes to an RNA or a plus 
strand of an EDAl-II nucleic acid, a dl nucleic acid, or a DL nucleic acid and which reduces EDAl-II 
activity. In one embodiment, a therapeutically effective amoimt of the antisense oligonucleotide is 
present in composition with a pharmaceutically acceptable carrier. Such a composition can be used 

15 in a subject in whom decreased hair foUicle development, tooth development, or sweat gland 
development is desired. 

The methods and compositions disclosed herein can be used to treat a subject suffering from 
an ectodermal disease, such as XLHED, autosomal HED, or alopecia. In other embodiments, the 
methods disclosed herein can be used to treat a subject suffering from hirsutism, bums (for example 

20 in skin grafts) or other trauma of the skin such as surgery. In partictilar embodiments the methods 
and compositions disclosed herein can be used to increase the growth of mammary epithelial tissue, 
for example for reconstructive or cosmetic purposes. In other embodiments, the methods and 
compositions disclosed herein can be used for promoting or maintaining differentiation of breast 
epithelium. Alternatively, methods that decrease ectodermal development, are useful for inhibiting 

25 breast epithelial cell proliferation, for example as a therapeutic approach to slow or to inhibit the 
spread of breast cancer malignancies. 

A method of screening for compotmds which incre^e or decrease development of hair 
follicles, sweat glands, or teeth by determining whether a test compound, for example chemical 
compoimds or polypeptides, bmds to a DL or dl receptor in a cell expressing the receptor is also 

30 disclosed herein. In one embodunent, the method consists of transforming a cell with an expression 
vector consisting of a nucleic acid encoding a DL or dl receptor, culturing the transformed cell under 
conditions that allow expression of the DL or dl receptor, assaying the transformed cell for binding of 
the test compound, and determining whether the test compouad binds to the DL or dl receptor with high 
specificity. In a particular embodiment, the method further consists of comparing an extent of binding 

35 of the test compoimd with an extent of binding of other compounds known to bind to the DL or dl 
receptor, wherein the additional compotmds are naturally-occurring and synthetic DL or dl receptor 
agonists and antagonists, such as an EDAl-II ligand. In one embodunent, the EDAl-II ligand 
comprises a sequence having 95%, 98%, or 99% identity to SEQ ID NO: 2. In a particular 
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embodiment, the test compound binds to the receptor with a Kd of less than about 10"* M. In yet 
another embodiment, the method further comprises determiniag if the test compound is an agonist or 
antagonist of the DL or dl receptor. 

5 EXAMPLE 1 

Cloning of Human EDAl Isoform U (EDAl-IT) 

This example discloses the methods used to clone an EDAl cDNA splice-form that is 
homologous to the murine Ta cDNA. This novel splice form codes for a putative, second isoform of 
the EDAl protein (isoform n). Cloning of the Ta gene (GenBank Accession No. AF004435) was 

10 previously disclosed (Ferguson et al, 1997, Hum. Molec. Genet. 6:1589-94, hereby incorporated by 
reference in its entirety). 

A human cDNA hbrary constructed with mKNA isolated from 20-22 week fetal liver tissue 
was obtained from Clontech, Inc. (Palo Alto, CA). PGR primers were derived from the homologous 
murine gene. Tabby, and are pubUshed (see Table 1 m the erratum Monreal et al, 1998, Am. J. Hum. 

15 Genet. 63:1253-55, which corresponds to the publication Monreal a/., 1998,^/w. J. Hum. Genet. 
63 :3 80-9, both hereby incorporated by reference m their entirety). PCR reactions for cDNA 
amplifications included 16.6 mM (NH4)S04, 67 mM Tris (pH 8.8), 6.7 mM MgClz, 170 jig/ml BSA, 
6.7 nM EDTA and 10 mM BME, 10 ng of cDNA, 12.5 pM of each primer, 25 nM of dNTPs and 0.75 
units of AmpliTaq polymerase (Perkin-Ehner, Inc., Foster City, CA). Reactions were cycled at 92°C 

20 for 30 seconds, 58°C for 30 seconds, and 72°C for 1 minute, for 32 cycles. PCR products were 

electrophoresed on agarose gel, purified usmg GeneClean (BiolOl, Inc.) and sequenced usmg Taq 
DyeDeoxy Terminators (Applied Biosystems). Sequencing reactions were run on a Model 373A 
DNA sequencer (Applied Biosystems). Alignments of nucleotide and proteia sequences were 
performed using FASTA (Pearson et al, 1994, Methods in Molecular Biology 24:307-31). Nucleic 

25 acid sequence similarity searches were performed using the BLAST program against the non- 
redundant sequence and EST databases of the National Center for Biotechnology Information 
(Altschul etal, 1990, J. Mol Biol, 215:403-10). 

With the exception of exons 1-3, PCR amplification between all axons was achieved using 1 
unit of rT*'' DNA Polymerase, XL (Perkin-Ehner, Inc.) in a reaction mixture with Ix Buffer 2, 1 mM 

30 Mg(OAc)2 and 800 |iM dNTPs, 30 pM of each primer and 10 ng of the human YAC DNA template, 
yWXD1341 . Intron sizes were estimated by agarose gel electrophoresis of the PCR products. DNA 
primer sequences are previously described (see Table 1 in the erratum Monreal et al, 1998, Am. J. 
Hum. Genet. 63 : 1253-55). The reactions were heated to 94°C for 1 mmute and 60°C for 5 mmutes 
for a total of 30 cycles followed by a 10 minute mcubation at 72°C. Vectorette PCR was used to 

3 5 obtain intron sequence flanking exon 3 (Arnold and Hodgson, 1 99 1 , FCR Methods Appl 1 :39-42). 

PCR products containing the intron/exon boimdaries were sequenced as described above. Exons 2, 3 
and 9 were physically mapped using human YACs yWXD1851, yWXD 3583 and yWXD1341, 
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obtained from American Type Culture Collection (Manassas, VA). Amplification of the exons from 
these YACs was performed using the Taq PGR conditions described above. 

Using these methods, a EDAl cDNA (SEQ ID NO 14) which encodes a novel isofonn of 
the EDAl protein (isoform n) was obtained. The 1 .5 kb human cDNA included 610 bp of sequence 
5 that was identical to the first exon of a previously identified 0.8 kb EDAl cDNA (Kere et al, 1996, 
Nature Genet. 13:409-416), followed by 930 bp of unique DNA sequence. This cDNA included a 
1 173 bp open reading frame, followed by 160 bp of 3' UTR. No polyadenylation signal sequence 
was identified. 

The EDAl-n cDNA encodes a 391 residue protein, 256 amino acids of which are encoded 

10 by new exons. EDAl-H is 94% identical to Tabby (SEQ ID NO 4), and includes a coUagen-like 

domain with 19 repeats of a Gly-X-Y motif, interrupted by two amino acids between repeats 1 1 and 
12 (FIG. 1). The fiill-length EDAl-II transcript can include a longer 3' UTR, because no 
polyadenylation signal sequence was identified, and Northern analysis indicates the transcript is 5-6 
kb m length. The Tabby transcript is also 5-6 kb in length and has a 3' UTR of approximately 3.5 kb. 

1 5 The exon boundaries and flanldng sequences of all infrons were established using either 

inter-exon or vectorette PGR amplification, followed by direct sequencing of the intron/exon 
junctions (see Table 2 in the erratum Monreal et a\., 1998, Am. J. Hum. Genet. 63: 1253-55 and 
GenBank accession NOS. AF060992 and AF060998). Seven new exons were identified in the EDAl 
gene (FIG. 2). These new exons (4-9) are vsdthia close proximity to one another, with introns ranging 

20 from 1 kb to 5 kb in length. 

The nitron between exon 1 and exon 3 is estimated to be at least 300 kb, as deduced by the 
analysis of YACs previously mapped to the EDAl region (YACs yWXD1850, yWXD3583 aad 
yWXD1341 map from cenfromere to telomere and 5' to 3' ofEDAi:) (Srivastava et al, 1996, Am. J. 
Hum. Gen. 58:126-32). By Southern (Ferguson et al, 1997, Hum. Mol Genet. 6:1589-94) and PGR 

25 analysis, exons 3-9 locaUze to yWXD1341, but not to yWXD1850 or yWXD3583. The previously 
identified exon 2 (Kere et al, 1996, Nature Genet. 13:409-16), not present in this splice-form, is 
present on all three YAC clones. Therefore, the newly identified exons are 3' and telomeric to exon 2 
and map at least 300 kb from exon 1. The exon boundaries of EDAl and Tabby genes are completely 
conserved. 

30 

EXAMPLE 2 
Structure of EDAl-D 

The EDA/Ta proteins (FIG. 1) can be divided into five domains. Listed from N- to C- 
terminus they are: a cytoplasmic domain (residues 1-41), a transmembrane domain (residues 42-60), 
35 an extracellular domain with fiirin cleavage site (residues 61-179, with potential furin cleavage site at 
residues 153-156-RVRR), a collagen-like domam (residues 180-238) and aTNF domain (residues 
239-391). 
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The EDA 1 -II protein is related to the TNF femily of proteins and includes a single 
transmembrane domain and, like EDAl isoform I (EDAl-I), is believed to be a cell surface protein 
with a type n orientation (the C-terminus projecting extracellularly) (Ezer et al, 1997, Hum. Mol. 
Genet. 6:158 1-7). A predicted collagen domain (Gly-X-Y)i9 may form a triple helix with either itself 
5 or the coUagen domain of other proteins, resulting in the formation of either homo-trimeric or hetero- 
trimeric complexes. Three cysteine residues present in the C-terminal domains of the mouse and 
human proteins may stabilize such trimeric complexes. Therefore, it may be possible to interfere 
with EDAl-E function by introducing C-terminally truncated EDAl-II, such as amino acids 153 to 
239. It is believed that EDAl-II plays a role in intercellular signaling, either as a membrane-bound or 
1 0 soluble ligand. In addition, it may function in cell adhesion or cell migration through interactions 
with the extracellular matrix. Other membrane-associated proteins with collagen domains include 
collagen XTTT and XVn, macrophage scavenger receptor, and a bacteria binding macrophage 
receptor. 

A 94% sequence identity was observed between EDAl-II and Tabby proteins. In the C- 

1 5 terminal 211 amino acids, which begin with the Gly-X-Y domain, only a single, conservative 
substitution at position 241 is present. This conservation in the C-terminus indicates that it is 
important in protein fimction and may interact with other highly-conserved proteins. Less 
conservation is observed between residues 1-180, particularly 1-163, and at residues 11, 28, 41, 74, 
81, 83, 93, 95, 99, 100, 104, 111, 112, 121, 122, 124, 125, 126, 130, 145 and 163. Hence the region 

20 from residues 74-126, and such as 81-126, 93-126 and 93-1 12 are distinguishable from Tabby. 

The biologically active domains of the EDAl-II protein are within approximately the C- 
temunal 240 amino acids, such as residues 133-391, such as residues 239-391 of EDAl-E). It is 
believed that the minimal domain of EDAl-II with functional activity is the TNF-like domain 
(residues 239-391), the domain likely to bind to and activate the receptor protein (see EXAMPLES 7- 

25 1 1). A more conservative choice of functional peptide begins at the furin recognition sequence and 
continues through the C-terminus (residues 153-391), which is beUeved to be the native, secreted 
form of the protein. Sequence variations of the potential furin cleavage site (RVRR, 153-156) cause 
a loss of protein function, indicating that secretion of the protein is essential, at least for biological 
activity of the protein as it is produced by the body (but which may not be true for exogenous forms 

30 of the protein, for example, those produced by recombinant methods and applied exogenously, for 

example topically). This region is presumably recognized and cleaved by the furin protease, and this 
event is required to make active EDAl -II. If excess peptide from this region, preferably in a 
recognizable, but non-hydrolysable form, were applied to the skin it could compete with the wild type 
EDAl-II, greatly reducing its processing efficiency and reducmg signaling. See for example the 

35 fusing of protease recognition sites to proteins known to be protease inhibitors (see Biochem. J. 1997, 
326:507-14). A similar technique could be adapted to the present disclosure by cloning the putative 
EDAl-II cleavage sequence (e.g. residues 145 to 165) into such a protein. 
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The structural conservation of the collagen-like domain (180-238) is believed to be 
important, because changes that alter the Gly-Xxx-Yyy repeated sequence appear to lose function, as 
do changes that shorten the domam by 12 amino acids. Sequence conservation between the mouse 
and human sequences highlight the importance of the TNF domain. Changes Ukely to disrupt the 
5 folding of the protein, in particular by changes in the proposed central p-sheet (291-309), are likely to 
cause loss of function. FIG. 4 illustrates the sequence of the central |3-sheet in several members of 
the TNF family. A comparison of these sequences provides information about substitutions that may 
be made in the EDAl-II sequence without changing the structure of the central P-sheet. The amino 
acids conserved across the TNF family (indicated by dots above the column) are Ukely more critical 

10 in the structure and function of the molecule, and would not be the first candidates for mutation when 
it is desired to preserve biological activity. 

The aUgned sequences of EDAl-II and the other members of the TNF family, however, 
illustrate that the second amino acid residue (E) may be substituted with V, L, A or T (as in the 
aligned positions within the central P-sheet of the other members of the TNF femUy), while retaining 

1 5 biological activity. Substitutions for other residues of the central p sheet could also be made based on 
the variation of the residues in the ahgned positions of the other members of the TNF family. Once 
mutations in the EDAl-n sequence are made, convenient assays are used to determine whether the 
mutant peptide retains EDAl-II biological activity, as described in EXAMPLES 19 and 20. 

20 EXAMPLE 3 

Expression Analysis of EDAl-II 

This example describes methods used to examine the expression pattern of EDAl-II. 
Similar methods can be used to determine the expression pattern of EDA I -II, or variants, mutants, 
fusions, or fragments thereof, in any tissue. 

25 Human Multi-Tissue Northern blots I and IV (Clontech, Inc.) were hybridized with a ^^P 

labeled PGR product that included exon 1 to exon 9 (PGR primers shown in Table 1 of the erratum 
Monreal et al, 1998, Am. J. Hum. Genet. 63: 1253-55). The filters were hybridized and washed 
according to the manufecturer's recommendations. The signals were visualized using Kodak X-Omat 
film with an exposxire time of three days. 

30 Northern analysis of RNA isolated from several human tissues (brain, heart, placenta, lung, 

liver, muscle, kidney, pancreas, spleen, thymus, prostate, testis, uterus, small intestine, colon, and 
leukocytes), hybridized with exons 1-9 of the cDNA, detected a 5-6 kb transcript. No additional 
hybridization was observed with longer exposures. The most abundant signal was detected in RNA 
isolated from adult heart, pancreas, prostate and uterus. Weaker signal was observed in RNA isolated 

3 5 from muscle, spleen, thymus, testis and small intestine. 

To identify any rare, alternative EDAl sphce products in the fetal fiver hbrary, the cDNA 
was amplified with DNA primers between exon 1 and exons 3, 5, 7 or 9. All PGR products analyzed 
had identical sequences, with no differences in exon usage. To identify splice products that contain 
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exon 1 but not the novel exons, the library was PCR amplified using primers from either exon 1 or 

exon 3, directed in the 3' direction, in combination with library vector primers. AJl PCR products 

generated using the exon 1 primer had corresponding products produced with the exon 3 primer, 

indicatmg that all cDNAs with exon 1 sequences also have exon 3 sequences. Similarly, all cDNAs 
5 with exon 3 contain exon 1 sequences, since 5'-directed primers from exon 1 or exon 3, in 

combination with vector primers, generated corresponding PCR products. 

Since Ta cDNA was isolated in two forms, which varied by the presence or absence of 

nucleotides 958-1000, it was determined whether the human cDNA might also have a 42 bp variant. 

Primers closely flanking the 42 bp region were used to amplify the hvunan cDNA library. Only a 
1 0 single 190 bp cDNA product, which included the 42 bp variable region, was identified. Analysis of 

the intron/exon boundaries shows that these 42 bp axQ contiguous with exon 8 in genomic DNA and 

thus do not represent a separate exon, but rather result from the use of an alternate splice donor site. 
It is believed that this novel cDNA, EDAl-lI, represents the major EDAl transcript, since 

only a single hybridization band was detected by Northern analysis. The transcript is expressed in a 
1 5 variety of organs not clinically associated with HED, indicating that the EDAl -II protein may serve a 

redundant ftmction in some tissues. No other EDAl spUce-products were identified, including the 

original 0.8 kb fiill-length transcript encoding EDAl isoform I. 

In mice, only the 5 kb homologous cDNA, and variants thereof, have been identified. One 

variant appears to result from the use of a cryptic spUce donor site at the 3' end of exon 7, while two 
20 others include portions of intron 1 or mtron 2 and are missing aU downstream exons. Since 95% of 

XLHED mutations were detected within the newly identified exons (EXAMPLES 4 AND 5), isoform 

II is believed to be important in the biological activity of the protein, and indicates that there are no 

additional exons in the EDAl gene critical for normal development. 

25 EXAMPLE 4 

Mutation Analysis of the EDAl gene in Subjects with XLHED 

Affected males from 18 unrelated families with presmned X-linked hypohidrotic ectodermal 
dysplasia (XLHED) were selected for mutation analysis of the EDAl gene. Their genomic DNAs 
were previously extracted and analyzed for mutations within exons 1 and 2 of the EDAl gene, but 

30 none were found (Ferguson et al, 1998, J. Med. Genet. 35:1 12-5). All affected males had the classic 
XLHED phenotype including tooth, hair and sweat gland abnormalities. Ten families showed 
vertical transmission of the trait with two or more affected generations. Eight famihes had a single 
affected generation, with two affected brothers in three of the families, and a single affected male in 
five. None of the families was consanguineous or had severely affected females. Where appUcable, 

35 DNA samples from other family members were studied to determine if the variants detected 
represented de novo mutations. 

Exons were amplified from genomic DNA using primers previously described (see Table 1 
in the erratum Monreal et al, 1998, Am. J. Hum. Genet. 63: 1253-55) and the reactions conditions 
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described above with AmpliTaq Polymerase. Amplicons were designed to include at least 28 base 
pairs (bp) of 3' and 5' flanking intronic regions. PCR products were treated with Shrimp Alkaline 
Phosphatase and Exonuclease I (Amersham, Inc.) to remove primers and excess nucleotides, and 
DNAs were sequenced using RediVu Thermosequenase Kit (Amersham, Inc.). Sequencing reactions 
5 were visualized by electrophoretic separation on an 8% polyacrylamide gel, and subsequent exposure 
on Kodak X-Omat fihn for 1-3 days. DNA sequence variants were verified by automated sequencing 
of the opposing strand using an ABI Model 3 73 A sequencer (Applied Biosystems, Inc.). 

Allele specific oligonucleotide (ASO) analysis was performed to detect polymorphisms in 
an unaffected population and to identify de novo mutations in a subset of families as described 

10 previously (Ferguson a/., 1998,./ Med. Genet. 35:112-5, herein incorporated by reference). One 
exception, the Gl 136A mutation (see Table 1), was analyzed by restriction digestion of PCR 
ampUfied exon 8 DNAs using Banl (New England Biolabs, Inc.). In all cases, genomic DNA 
samples from 40 control individuals, representing 60 X chromosomes, were analyzed. The de novo 
status of Del 794-829 in families ED1050 and ED1204 was established by PCR amplifying exon 5 

1 5 sequences, using primers 5' AGAAAGCAGGACCTCCTGG 3' (SEQ ID NO 20) and 5' 

CTCTCAGGATCACCCACTC 3' (SEQ ID NO 21), and separating the products on a 3% agarose gel 
(SeaKem, Inc.). 

DNA changes were confirmed in 17 individuals (Table 1). Four individuals have genomic 
deletions, two of which also produced frameshift mutations. Twelve individuals have a single base 
20 pair change, predicted to generate a missense mutation, and one person has a base pair substitution 
that creates a premature termination codon. 



Table 1. EDAl Mutations in XLHED Patients 



Family 


Sequence Change 


Exon 


Predicted Effect" 


ED1081 


C704T 


3 


R155C 


£01095" 


C707T 


3 


R156C 


ED1039 


G708A 


3 


R156H 


EDlOll 


C867T 


5 


F209L 


ED1019 


G912C 


5 


G224A 


ED1050 


Del 794-829 


5 


Del 185-196 


ED 1204" 


Del 794-829 


5 


Del 185-196 


EDIOIS" 


Del 803-830 


5 


Del 188-197, FS 198, Ter 280 


ED1097'' 


Del 904-938 


5 


Del 221-233, FS 234, Ter 240 


EDI 197 


A996T 


7 


H252L 


ED1007 


G1136A 


8 


G299S 


ED1002 


G1136A 


8 


G299S 


EDIOOI 


G1202T 


9 


E321Ter 


ED1021 


G1285A 


9 


A349T 


EDI 126" 


G1285A 


9 


A349T 


ED1073 


C1308A 


9 


A356D 
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FamUy 


Sequence Change 


Exon 


Predicted Effect' 


ED 1022 


G1311C 


9 


R357P 



* FS = framesMft; Ter = termination. * De novo mutation. 



To determine if any of the putative missense mutations identified were present in an 
unaffected population, and thus likely to be a non-pathogenic polymorphism, ASO hybridization was 
5 used to survey 60 X chromosomes. None of the variants were present in the control population. 
Three presumed mutations (Del 794-829, G1136A and G1285A) were each identified twice among 
the 18 affected individuals. In two of these cases (Del 794-829 and G1285A), a de novo mutation 
was foimd in one of the families (ED1204 and EDI 126), arguing against inheritance from a common 
ancestor (FIG. 3). Additional sequence variants were identified within intronic regions. Because 
1 0 these changes did not affect the splice recognition sites, and were present in unaffected individuals, 
they were classified as non-pathogenic polymorphisms. 



EXAMPLES 
Functional Implications of Identified Mutations 

1 5 Some identified £ZMi-// mutations are shown above in Table 1. Mutations were identified 

within exons 3-9 of EDA I -II in 94.4% of the families studied (17/18). Coupled with the previous 
mutation analysis of exon 1, which found mutations m only 7-8% of XLHED families (Ferguson et 
al, 1998, J Med Genet 35: 1 12-5), it is estimated that 95% of mutations in XLHED patients are 
located within the 1 173 bp coding region of EDAl -II. Additional mutations may be located in the 

20 remaining 3' UTR sequence, in regulatory elements, in unsequenced intronic regions, or may include 
large genomic rearrangements that are xmdetectable with the techniques used herein. 

Although the identified mutations are heterogeneous, more than half of the individuals 
(1 1/18) had changes within the coding regions of exons 5 and 9. These two exons account for about 
40% of the ORF. Six mutations were detected in exon 5, including 4 deletions 28-36 bp long. Exon 

25 5 encodes the Gly-X-Y domain, and deletions within it may be enriched because of the high 

frequency of repeated sequences. Indeed, one deletion identified in two umelated families (Del 794- 
829), is flanked by a 17 bp repeated sequence containing just two nucleotide differences. This 
deletion may truncate the collagen domain of the protein, but otherwise leave the protein intact. If 
the mutant protein is stable, it indicates the collagen domain is required for normal protein function. 

30 Two missense mutations may also perturb the collagen domain. In one case, the glycine of a 

Gly-X-Y triplet is substituted by an alanine. In another, a third position Pro (Gly-X-Pro) is 
substituted by a Leu. The third position Pro plays an important role in stabilizing the collagen helix 
(Brodsky and Shah, 1995, Faseb J. 9:1537-46). The coding region of exon 9 also contains a 
disproportionate share of mutations (all missense). Three changes cluster within an eight amino acid 

35 region, indicating the importance of this domam for protein stability or fimction. Also, this region 
overlaps with the C-terminal cysteine domain, which may stabilize intermolecular associations. 
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A mutation identified twice in exon 8, Gl 136A, is located within the 42 bp region 
previously found to be deleted in one of the Ta splice-forms (Ferguson et al, 1997, Hum. Mol. Genet. 
6: 1 589-94). Therefore, the 14 amino acid region encoded by the sequence is important in at least 
some, if not all, tissues. 

5 

EXAMPLE 6 
Diagnostic Applications 

Linkage-based molecular diagnostic testing for XLHED has been available for 
approximately 10 years and can significantly improve carrier risk estimates (Zonana et al. 1988, Am 

10 J. Hum. Genet. 43:75-85; Zonana et al, 1992, Am. J. Hum. Genet 51:1036-46; Zonana et al, 1989 J. 
Pediatr. 1 14:392-9). However, Unkage analysis is limited to families with two or more affected 
individuals, and multiple family members must be available and cooperative. However, using the 
EDAl-U sequence disclosed hereui, and direct mutation screening, approximately 95% of mutations 
can be detected in individuals with presumed XLHED. 

1 5 The finding that approximately half of aU identifiable mutations are within exon 5 and the 

coding region of exon 9 indicates that initial analysis of these two exons would provide the most 
efficient approach in a mutation detection protocol. Since these two coding regions are relatively 
small (181 bp and 252 bp), they are amenable to direct sequencing, screening by SSCP (Sheffield et 
al, 1993, Genomics 16:325-32) dideoxy-fingerprinting (ddF) (Liu et al, 1996, Hum. Mol Genet 

20 5:107-14), or by other mutation detection methods (Grompe, 1993, Nature Genet. 5:111-7). 

Amplification of exon 5 may reveal deletions large enough to be detectable by agarose gel analysis, 
as observed in four femilies in FIG. 3. If no mutations are present in exons 5 and 9, screening or 
sequencing exons 1,3,7 and 8 can be done and may yield an additional 40% of mutations. No 
mutations were detected in exons 4 and 6; however, they represent only about 5% of the coding 

25 sequence, and analysis of a larger set of patients may reveal mutations in these exons as well. In 
families where mutations are not detected, linkage analysis can still be used when the family is 
informative. 

Primers are disclosed that can be used for diagnosis of XLHED. These include primers for 
amplification and sequencing of the intron regions of exon 3, 5, and 9. Exon 3 : 5'- 
30 TATGTTGGCTATGACTGACTGAGTGG-3' (SEQ ID NO 22) and 5'- 
CCCTACCAAGAAGGTAGTTC-3' (SEQ ID NO 23). Exon 5: 5'- 

AAAAAGTAACACTGATCCTATTT-3' (SEQ ID NO 117) or 5'-AGAAAGCAGGACCTCCTGG-3' 
(SEQ ID NO 1 18) as a forward primer with 5'-CTCTCAGGATCACCCACTCCTG-3' (SEQ ID NO 
24) as a reverse primer. Exon 9: 5'-TGTCAATTCACCACAGGGAG-3' (SEQ ID NO 25) and 5'- 
35 GAATCTAGGATGCAGGGGC-3' (SEQ ID NO 26). Primers can also be used to dnectly 

distinguish common mutations in Exon 3: normal sequence 5'-TATTGCGGCGAACACG-3' (SEQ 
ID NO 27); altered sequence 5'-TATTGCAGCGAACACG-3' (SEQ ID NO 28); and altered sequence 
5'-TATTGCGGCAAAACACG-3' (SEQ ID NO 29). 
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Five families had a negative family history and an unaffected mother, and thus were 
potentially informative as to whether the mutation was de novo. In all five families the mutations (3 
deletions and 2 missense) were de novo, thus arising either during oogenesis or postzygotically. 
There appears to be an equal rate of mutation during oogenesis and spermatogenesis. The autosomal 
5 recessive form of the disorder is infrequent compared to the X-Unked form. Review of clinical 
features showed no obvious phenotype/genotype correlation between individuals with missense 
mutations, and those with deletions truncating the collagen domain, nor those with firameshift 
mutations that may yield either an abnormal truncated protein or no protein at all. This is similar to 
the previous analysis of mutations within exon 1, which showed no difference in phenotype between 

1 0 patients with missense mutations and those with exon deletions or frameshifts (Ferguson et al, 1998, 
J. Med Genet. 35:112-5; Kere etal, 1996, Nature Genet. 13:409-16). 

The availabihty of direct testing for XLHED mutations is a significant advance in diagnostic 
capabilities. It allows carrier detection in families with only a single affected male, and helps 
differentiate the X-Unked disorder from the rarer, autosomal recessive form of the disorder. It is also 

1 5 helpful in distinguishing sporadic carriers of XLHED from females with an autosomal dominant form 
of isolated hypodontia (Arte et al, 1996, J. Dent. Res. 75:1346-52). Testing will also be useM in the 
diagnosis of XLHED in affected male infants, such as in sporadic cases, before abnormal tooth and 
hair involvement is apparent. Early diagnosis can avert the significant morbidity and mortality 
associated with the disorder due to uncontrolled hypothermia (Clarke et al, 1987, Arch. Dis. Child 

20 62:989-96). Additional methods that can be used for diagnosis are disclosed in EXAMPLES 24, 25, 
and 26. 

EXAMPLE? 
Cloning of Murine dl 

25 Two original femilies of mouse mutants, called downless'*°^°° (recessive inheritance) and 

Downless^'®* (dominant inheritance ) due to their poor hair growth, arose spontaneously during the 
1960's and 1970's (Soafer, 1973, Dev. Biol 34:289-96; Crocker and Cattanach 1979, Genet. Res. 
34:23 1-8). The routine process of introduction of foreign DNA (transgene) into a fertilized embryo 
resulted in deletion of the gene responsible for the downless phenotype by the transgene. Mice 

30 carrying this deletion are called OVE IB, and have the frill range of anhidrotic ectodermal dysplasia 
symptoms. The presence of the transgene in the OVE IB mice allowed identification of large 
fragments of mouse DNA (YACs) deleted in the OVE IB family. YAC D9 (Majumder et al 1998, 
Mammalian Genome 9:863-8, incorporated by reference), completely cured the mutants. The 
sequence from YAC D9 was used to identify sumlar large fragments of mouse DNA, called BACs, 

3 5 that overlap YAC D9. The BAC most similar to YAC D9 was used to identify specific cDNAs from 
developing skin, each a candidate for the gene. 
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BAC library screening and DNA preparation 

Two sets of oligonucleotides were designed based on the known YAC D9 sequence: Oligo 
27209 ATCATGGCTGTGCACTCTAG (SEQ ID NO 30) and Oligo 27210 

ACCTACTGCATGTCTGTGGA (SEQ ID NO 31); OHgo 27213 CACATGCTCAGTGTTGTCCA 
5 (SEQ ID NO 32) and Oligo 27214 ACACAGGCTCAGTCATGCGG (SEQ ID NO 33). 

Both primer pairs were used for primary screening of pooled BAG clones by PGR. Positive 
clones were identified by filter hybridization to [a-^^P]-dCTP labeled PGR product of the oHgos used 
in the primary screen. BACs were grown in chloramphenicol-containing medium and BAG DNA 
isolated using QIAGEN plasmid DNA purification colxmms. Elution buffer was heated to 65°C and 
1 0 multiple elutions performed. DNA was precipitated with isopropanol, washed with 70% ethanol, and 
dissolved in 10 mM Tris buffer (pH 8). 

cDNA selection 

The cDNA selection protocol was a modification of Segre et al. {Genomics 28: 549-59, 
1 5 1995). DNA was purified using QIAGEN PGR purification columns after each enzymatic step listed 
below. BAG 508K21 was digested using Alu I, Hae HI, and Rsa I restriction enzymes in separate 
reactions. The pre-annealed oligonucleotide linkers: 5'-biotin- 

GGGGTGAGGGGGGAGATGTGAATTG-3' (SEQ ID NO 34) and 5'-phosphate-GAATTCAGATC 
3' (SEQ ED NO 35), were Ugated onto the BAG digestion fi-agments at about 50-fold molar excess to 

20 generate PGR amphfiable DNA fragments with inverted repeats at their termini. The biotinylated 
oligonucleotide, SEQ ID NO 34, was used to prime the PGR amplification of the DNA pool. The 
conditions were: 65°G for 5 minutes (1 cycle); 94°G for 45 seconds, 72°G for 2.5 minutes (20 cycles). 

The resulting biotinylated PGR product was used as driver in the hybridizations. To prepare 
the cDNA tester for hybridization polyA^ RNA was isolated from a pool of E13, 17, and PO skin. 

25 Double-stranded cDNA was synthesized (cDNA synthesis kit, Gibco) and digested with Alu I, Hae 
in, and Rsa I. Non-biotinylated linkers of different sequence to those ligated to the driver population 
were added to the fragments: CTGAGGGGAATTCGTGAGAGC (SEQ ID NO 36) and phosphate- 
GGTGTGAGGAATTGGGGTGAGTT (SEQ ID NO 37). The cDNA pool was amplified by PGR 
(using cDNA-1) under the same cycle conditions described for the BAG DNA amplification. 

30 Prior to selection, 1 |a,g driver DNA was denatured by boiling and blocked by overnight 

prehybridization to 2 \i% Gotl DNA plus 8 \ig shorn OVE IB/IB genomic DNA in the following 
buffer conditions: 0.75 M NaGl, 20 mM sodium phosphate pH 7.2, 5 mM EDTA, 5X Denhardt's 
solution and 0.1% SDS at 65°G. For the first roimd of enrichment 1 ng amplified BAG DNA was 
denatured by boiling, added to the prehybridized cDNA, and allowed hybridize at 65°C for three days 

35 in a total volume of 20 {j,1. Biotinylated driver and aimealed cDNAs were immobilized on 

streptavidin coated magnetic beads (Dynal) and unannealed cDNA was removed by washing with 
0. IX SSG, 0.1% SDS at 65°G. After washing, the annealed, selected cDNAs were eluted from the 
biotinylated driver using 50 mM NaOH, neutralized with IM Tris pH7.5, and PGR amplified using 
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SEQ ID NO 36 under the following cycle conditions: 94°C for 45 seconds, 64''C for 45 seconds, 
72°C for 1.25 minutes (30 cycles). 

This amplified, selected cDNA was subjected to a second round of enrichment by driver 
hybridization, washing, and amplification as above. The amplified cDNA from this second 
5 enrichment was ligated into pT-Adv (Clontech) and transformed into E. coli. Bacteria were grown on 
gridded plates prior to ftirther analysis. One clone, cDS 446, was used for further analyses. 

cDNA library construction and screening 

Poly A"^ RNA was isolated from E17.5 fetal skin of OVE 951 mice and used as template to 
1 0 prepare the cDNA library. Using the lambda ZAP-cDNA synthesis kit (Stratagene) the library was 
plated and screened using [a-^^P]-dCTP labeled cDS446, following kit manufacturer's instructions. 

RT-PCR and RACE 

cDNA was prepared from newborn skin RNA using the Superscript II kit according to 

1 5 manufacturer's instructions (Gibco BRL). The oligos used to ampUfy the downless^^"'^'"' mutated 

region from mutant cDNA were: OUgo 28756 AGTGAGAATGATGCCTCC (SEQ ID NO 38) and 
OUgo 28762 GCCTTTGTTCAGTCATAGG (SEQ ID NO 39). The PGR conditions were: 94''C for 
2 minutes (1 cycle); 94°C for 30 seconds, SS^C for 45 seconds, 72°C for 1.5 minutes (34 cycles); and 
72°C for 15 minutes (1 cycle). SEQ ID NO 38 was used to directly sequence the RT-PCR product. 

20 Rapid amplification of cDNA ends (RACE) was performed by synthesizing YAC D9 cured 

E17.5 skm cDNA using random primers (Superscript II kit, Gibco BRL), and tiien 3' dC tailmg the 
first strand cDNA using terminal transferase (Gibco BRL). PCR amplification was performed using: 
OUgo lOS CCTGAGAGCTCTTTGTGAG (SEQ ID NO 40) and Anchored oUgo dG 
CGGGATCCTCGAGGGGGGGGGGGGGGGGH (SEQ ID NO 41). The PCR conditions were: 

25 94°C for 2 minutes (1 cycle); 94°C for 30 seconds, 58°C for 45 seconds, 72*'C for 2 minutes (40 

cycles); 72''C 10 minutes (1 cycle). The PCR product was sequenced using antisense Oligo 28753 
AAGCAGAGCTCCACAATC (SEQ ID NO 42). 

Qjsieek Qjy^p^ prepared for 3' RACE by generating first strand cDNA using oligodTVN: 
GGCCGCTCTGGACAGGATATGTTTTTTTTTTTTTTTTVN (SEQ ID NO 43) primer 

30 (Superscript II kit, Gibco). PCR was performed on the first strand reaction product using: 5' 
GGAACAGTCAAGAGCGAGTT (SEQ ID NO 44) and OUgo dT nested 

GCGGATCCAGGCCGCTCTGGACAGGATATG (SEQ ID NO 45) under the foUowing conditions: 
94°C for 2 minutes (1 cycle); 94°C for 30 seconds, SS^C for 45 seconds, 72°C for 1.75 minutes (36 
cycles); 72*0 15 minutes (1 cycle). The PCR product was directly sequenced using SEQ ID NO 38. 
35 All DNA sequencing was performed using the standard automated method. All PCR 

products were purified prior to sequencing using the QIAGEN PCR purification or QIAEX II gel 
purification kits according to manufacturer's instructions. 
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using similar techniques, allelic variations of the dl DNA, which encodes the dl receptor 
that is absent in downless mice, c^ also be detected in humans, mice, or other mammals. The 
disclosure therefore includes DNA sequences that include allelic variations ia the sequence. 

The ORE of the cDNA sequence of the murine downless gene, dl (SEQ ED NO: 13), and the 
5 corresponding amitto acid sequence (SEQ ID NO: 19) were obtained. The dl cDNA of SEQ ID NO: 
12 is 3720 nucleotides, encodes a protein (SEQ ID NO: 19) of 448 amino acids, and is maintained in 
the pBK-CMV plasmid. The dl protein is a novel tumor necrosis factor receptor homologue. 

EXAMPLES 

1 0 Expression Analysis of Murine dl 

This example describes the methods used to study dl expression in mouse hair follicles and 
skm. Similar expression analysis can be performed in other mammals, for example humans, using 
the same techniques, to confirm a similar distribution of dl expression in those mammals. 

For Northern analysis RNA was prepared from E17.5 sldn of the various genotypes using 
15 the phenol/guanidium thiocyaoate method (RNA STAT 60, Tel-Test). Each total RNA sample (300 
Jig) was polyA enriched (Messagemaker Kit, Gibco BRL) and precipitated with ethanol. The 
recovered RNA was separated on a formaldehyde contaioing agarose gel, transferred to a nylon 
membrane (Zeta Probe, Bio-Rad), and probed with [a-^¥]-dCTP labeled dl 5' untranslated region 
and open reading frame in 0.5M sodium phosphate, 7% SDS at 65°C overnight. Voxxr post- 
20 hybridization washes were performed in O.IX SSC, 0. 1% SDS at 65°C for 20 minutes each. 

Genomic DNA for Southern analysis was isolated from proteaseK digested mouse tails, 
followed by phenol extraction and thanol precipitation. The isolated DNA was EcoRI digested, 
separated on a 1% agarose gel, and transferred to nylon membrane (Zeta Probe, Bio-Rad). 
Hybridization to the entire [a-^^P]-dCTP labeled dl cDNA and subsequent washing was performed 
25 under the conditions described above for Northern blotting. 

For in situ hybridization, tissue was fixed in 10% formalin for two days, then stored in 70% 
ethanol. Paraffin sections of mouse embryos were deparafSnized in xylene, rehydrated, treated with 
20 mg/ml protease K, and refixed m 4% paraformaldehyde before prehybridization. Hybridization 
was carried out overnight at 50"C. Slides were washed m FSM (50% formalin, 2X SSC, ImM 
30 EDTA, 2-mercaptoethanol) for 1 hour, treated with 20 ng/ml RNAse A for 30 minutes, and washed 
in FSM for 2 hours before coating with silver emulsion (Kodak) and exposing for 2-4 weeks. The 
entire dl cDNA sequence was used to prepare f ^S]-UTP labeled antisense riboprobe using T7 RNA 
polymerase. Samples of dl°^'^ tissue were used as negative controls. 

Whole mount in situ hybridization was performed using digoxigenin labeled riboprobe 
35 transcribed from a genomic DNA clone corresponding to the cDNA selected clone cDS446. The 
riboprobe was synthesized using the DIG RNA labeling kit (Boehringer Mannheim) according to 
manufacturer's instructions. Embryos were fixed in 4% paraformaldehyde, bleached, and stored in 
methanol. For hybridization the samples were rehydrated, treated with proteaseK, and hybridized at 
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65°C overnight. Embryos were then washed in 5X SSC, 1% SDS, 50% formamide at 65°C for 30 
minutes, treated with 100 ng/ml RNase A for 30 mmutes, and washed in 2X SSC, 0.1% Tween 20, 
50% formamide for 30 minutes. Hybridized riboprobe was detected using the DIG Nucleic Acid 
Detection kit (Boehringer Mannheun) according to manufacturer's instructions. 
5 The murine dl gene is completely deleted in OVE IB mice and at least partially present in 

YAC D9. Murine dl is expressed in developing skin and adult hair foUicles, as determmed by in situ 
hybridization, and is mutated in both downless'*"**™ and Downless^'^^mice, confirming that it is the 
gene responsible for these phenotypes. The expression pattern of dl is consistent with it specifying 
which cells are to become hair follicles, and in adult skin it is expressed by the cells at the very base 

1 0 of the hair follicle which sinround the dermal papillae (growth regulation center). The lack of hair 
follicle development and the slow rate of hair growth in both mouse mutants and human ED patients 
indicates a role for this receptor in promotmg hair foUicle development and hair growth throughout 
life. The abUity to block or enhance the activity of this receptor should allow control over these 
processes and be of major clinical and cosmetic relevance. Knowledge of the dl cDNA and protein 

1 5 sequence, and its human homolog DL (see EXAMPLE 9), allows screening for and designing 
molecules that modulate dl receptor activity by enhancing or mhibiting its function. 

The dl mRNA in fetal mouse skin was detected by Northern blotting. The dl gene is active 
in normal (wild type) and YAC D9-cured mutants at this stage, and the receptor is made by the 
downless-'^'"™ mice. The Downless^'^^'' mice have an altered form of the transcript that is smaller 

20 than the wild-type version, while the OVE IB mice do not have the transcript. 

Southern hybridization demonstrated that the dl gene is absent from the OVE IB genome 
and altered in Downless^^^^'' mice. The YAC D9 cured mutants received many copies of the gene. 
The murine dl mutation in downless''*''^™ mice is due to a single nucleotide difference between the 
wild type and mutant cDNAs at nucleotide 1 135 (SEQ ID NO: 13). This mutation results in 

25 glutamate 379 (SEQ ID NO: 19) of the wild type protein being changed to lysine in the mutant. The 
position of the dl mutation in downles/'^'^mice is more severe. Up to nucleotide 964 (SEQ ID NO 
13) the wild type and mutant sequences are the same. After this nucleotide, the Downless^^*^'' mRNA 
is completely different from the wild type cDNA. 

In situ hybridization was used to identify the locations of dl expression in the skin. At 

30 embryonic day 15, the dl transcript is detected in the basal layer of the epidermis of a fetal mouse, 

and at elevated levels in the developing hair follicle buds in sectioned skin. Analysis of expression 
over the whole mouse fetus at embryonic day 15 demonstrated that dl is expressed in developing hair 
folhcles at a high level, and at a lower level in the rest of the skin. Expression of dl was also 
observed in other tissues such as the lung and kidney. The dl transcript is present in the cells at the 

3 5 base folMcle that surroimd the dermal papillae (growth signaling center). Some dl expression was 
detected in the sebaceous glands. 
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EXAMPLE9 
Cloning and Analysis of Human DL 

This example describes methods used to clone, sequence and analyze the human DL 
receptor, a homolog of miirine dl. RNA isolated from human fetal skin of 1 1 week estimated 
5 gestational age (EGA) was reverse transcribed using 25U of MMuLV reverse transcriptase (New 
England Biolabs) and random hexamer primers (Pharmacia) to provide first strand cDNA used for 
both 3' RACE experiments, and inter-exon amplification. To obtaia the initial human homologous 
sequence, total human genomic DNA was amplified and sequenced using primers designed fi'om 
mouse dl cDNA sequence: 5'-TGGTGTCTCTGATGTGC-3' (SEQ ID NO: 46), and 5'- 
1 0 ACAGTGGCCCGGAAGAAG-3'(SEQ ID NO: 47). Primers derived from human sequence and 

primers from additional mouse cDNA sequences, each in a hemi-nested PGR reaction (SEQ ID NOS: 
48 and 49 then SEQ ID NOS: 50 and 49), were used to amplify exons 3-12 from human cDNA. 

The 5' end of the gene was determined by 5'-RACE. A reverse transcriptase reaction on 
total RNA from human fetal (II wk EGA) skin was performed using a human gene specific primer: 
1 5 5'-TCAGCGTCATTCTCCATGTC-3' (SEQ ID NO: 5 1). The product was dA-tailed usmg terminal 
transferase (Gibco) and the cDNA amplified using 5'- 

CTAGACTCGAGAATTCGCGGCCGCACTAGT(i7)-3' (SEQ ID NO: 52) and SEQ ID NO :53. The 
resulting product was amplified twice, first with 5'-CTAGACTCGAGAATTCG-3' (SEQ ED NO: 54) 
and 5'-TAGTCCTCGTCTTTGGTGCC-3' (SEQ ID NO: 55), and subsequently with SEQ ID NO: 56 
20 and 57. For cycle sequencing, all PCR products were recovered from a 2% agarose gel, purified 
using GeneClean (Bio 10 1), and sequenced on a Perkin Elmer ABI 373 stretch sequencer using the 
BigDyeTM terminator kit. A human fetal heart cDNA library of 20-25 weeks gestation (Clontech, 
Inc.) containing 2-4 xlO^ plaques was screened using a radioactively labeled murine dl cDNA probe. 
DNA primers used to amplify the exons of human DL are shown in Table 2. 

25 

Table 2. DNA Primers Used for cDNA Amplification of human DL 



Exon 


Forward Primer 


Reverse Primer 


1-3 


GAGAATTCGCGGCCGCAC (56) 


AGCCCCGTAGTCTGGTTGTA (57) 


3-4 


CTGCGGTGAGAACGAGTAC (48) 


TCTGGTAGCCTCCTTTGGAA (53) 


4-12 


CTGCGGTGAGAACGAGTAC (48) 


GGCAAGGTGGCGCCATGT* (49) 




GGCACCAAAGACGAGGACTA (50) 


GGCAAGGTGGCGCCATGT* (49) 


Primers shown in 5 '-3' orientation. SEQ ID NOS shown in parenthesis. * mouse dl sequence 



Expression analysis 

A Northern blot (Clontech, Inc.) containing RNA from human fetal tissues (17-24 week 
30 EGA) was hybridized with a radiolabeled probe containing exons 5-11. Nested primers from DL 

exons 1 1 and 12 (394 bp ampUcon) were used to amplify by PCR a human craniofecial library made 
from embryos of 42-53 day gestation (5'-GCGTCGACAGTGATGAGGA-3' (SEQ ID NO: 58), 5'- 
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CAGTCTTTTGGCACCACTCA-3' (SEQ ID NO: 59), then 5'-ACGTGTGTGGAGTCGTGGA-3' 
(SEQ ID NO 60), 5'-CTCGTTGGATCCTTGGCTT-3' (SEQ ID NO: 61)). 

RNA isolated from hiunan fibroblast, keratinocyte (Clonetics), lymphoblast cell lines, and 
fetal skin (15 week EGA), was reverse transcribed and subsequently amplified in nested PGR 
5 reactions with primers from exons 4 and 6, jdelding a 238 bp PGR product (SEQ ID NO: 50 and 5'- 
TACATGCTGGAGAACAGACC-3' (SEQ ID NO: 62); SEQ ID NO: 63 aad 5'- 
TTGGCAGAAGCTCCTGAAGT-3' (SEQ ID NO: 64)). Control PGR reactions were conducted 
using primers derived from HPRT cDNA sequence (5'-TGCTCGAGATGTGATGAAGG-3' (SEQ ID 
NO: 65), 5'-AAGCAGATGGCCACAGAACT-3' (SEQ ID NO: 66)). 

10 

Physical mapping and isolation of genomic clones 

The Genebridge hybrid panel (Research Genetics) was used for radiation hybrid mapping, 
screening with an STS designed from IVS-3 sequence (primers: SEQ ID NOS: 48 and 53). The 
results of the screening were analyzed on the Whitehead/MIT Genome Center web site. DNAs 
1 5 isolated from YACs (Research Genetics) previously localized to the region (Konrad et al. , 1995, 
Genomics 30:514-20) were screened for the DL gene by amplification with the rVS-3 STS. An 
arrayed human BAC library (Research Genetics) was screened by PCR using the same STS. 

Genomic organization 

20 When possible, the intron/exon boimdaries were determined from genomic DNA by inter- 

exon PCR amplification. Primer sequences are shown in Table 3. The remaining boundaries were 
defined by either vectorette PCR or by direct cycle sequencing of the BACs. 

Table 3. Primers Used for Inter-Exon Amplification for Genomic Structure 



Exon Forward Primer (5'-3') Reverse Primer (5'-3') 



1-2 


Vectorette PCR 




2-3 


GGAGAGGATGGCCCATGTG (67) 


AGCCCCGTAGTCTGGTTGTA (57) 


3-4 


CTGCGGTGAGAACGAGTAC (48) 


TCTGGTAGCCTCCTTTGGAA (53) 


4-5 


TTCCAAAGGAGGCTACCAGA (63) 


CAGACCATGCCATAGATGTTC (68) 


5-6 


Vectorette PCR 




6-8 


ACTTCAGGAGCTTCTGCCAA (69) 


TCGTCCTTGCTCACTTGGG (70) 


8-9 


Vectorette PCR 




9-10 


GGATGAATTTGAGAAGCTGAC (71) 


CTGACTTGTTCGTGGTGGC (72) 


10-11 


GCGTCGACAGTGATGAGGA (47) 


TCCACGACTCCACACACGT (73) 


11-12 


Vectorette PCR 





All primers shown in the 5'-3' orientation. SEQ ID NOS shown in parenthesis. 

25 

Results 

Using a cDNA from the murine dl gene (EXAMPLE 7), a single cDNA from a human fetal 
heart library was identified. Additional sequence mfonnation was obtained by RT-PCR using total 
RNA isolated from human fetal skin. The consensus sequence of the hmnan gene (DL) contained an 
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open reading frame (ORF) of 1,347 bp (SEQ ED NO: 16), preceded by a 432 bp S'-imtranslated region 
(UTR), and followed by a 2.3 kb 3'-UTR (FIG. 5). 

Northern analysis revealed only a single 4.4 kb transcript in fetal kidney and Ivmg. The DL 
gene is expressed in embryonic and fetal tissues during periods of hair foUicle, eccrine sweat gland, 
5 and tooth bud formation, as shown by its expression in fetal skia at 1 1 and 15 weeks EGA, and from 
a 42 to 53 day human craniofacial cDNA library. This is consistent with in situ hybridization studies 
in mouse embryos showing expression of dl gene during follicular morphogenesis (EXAMPLE 8). 
DL is not expressed in himian lymphoblast or fibroblast cell lines, but is expressed in cultured 
neonatal epidermal keratinocytes. 

10 The ORF of human DL encodes a 448 amino acid protein (SEQ ID NO: 17), 91% identical 

to the dl protein (FIG. 6). The program TMpred predicts a single transmembrane domain with a type 
1 membrane topology (N-termmus extracellular). Computer analysis using PSORTII predicts a 
possible N-terminal signal peptide for the murine dl protein, but no signal sequence is predicted for 
the human DL homolog, due to differences in non-conserved amino acids. As with the dl gene 

1 5 (EXAMPLE 8), a similarity search using protein-modeling programs pfscan and Pfem reveals a 

partial match (pfscan N = 6.9) with the TNFR cysteine-rich region (Prosite - PS50050), in the ligand- 
binding region of these receptors. In addition, some similarity to a death domain (PS50017) was 
identified (Pfam E = 5). Similar to members of the TNFR family, this potential domain resides in the 
carboxyterminal end of the protein, and may trimerize and interact with down-stream signal 

20 transducing proteins. Although individually the matches for each identified domain are not 
statistically significant, the occurrence and location of these two different domains within this 
predicted type 1 transmembrane protein indicates that it functions as a receptor and is related to the 
TNF-receptor family. 

The human DL gene was localized to a position 10.1 cR from marker AFMA037YB9 
25 (likelihood P>3.0) by radiation hybrid mapping, consistent with the independent localization of an 
homologous EST sequence (W73914) to reference interval D2S293-D2S121 (122.4-127.9 cM). 
Single families with autosomal dominant and recessive inheritance have been mapped to the 2ql 1- 
ql3 region, which contains this interval. Genomic clones containing the gene were identified by 
screening both a human genomic BAG library and YACs from the region (FIG. 5B). 
30 The DL genomic structure indicated the presence of twelve exons with flanking intronic 

sequences (FIG. 5C). The fiill coding sequence of a human DL gene is shown in Table 4, with exons 
1-12 identified, and separated from the intervening sequences. 



Table 4: Human DL Exon/Intron Sequence 



Description 


Nucleotide Sequence 


Exon 1 
(5' UTR 
underlined) 


TTTTTTTTTTTGGGGGCAGACGGCCGAAGAGCCAGGTGTGCCAAGGTCA 


TATGGCAGCAGGGCTGAACGTGCCCGCTCCAGCCTCTCCAGTGCTGGAA 


GAGACCTCTAGATGGAGCAGGTGAGTTTGCAATTAGGGAAAGCCCCTC 


GGCAAGGACTGAGTTTCCAAACTTGCAGACAGGGCAGGGAGCGGTCAA 


GGAAGAGTTCCCGGGAAGCCCTTTAAACGGAAAGGAAGCGGGGCTAGT 
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Nucleotide SeQuence 




GTCAGAGAGGTGTGACAGGTCCCAGTCAGCCCTGCTGGCCCCTAAGGA 


CATAGAGTACCTGCTTCTGAGAGGGCTGCCACGGTGGCCACCTGTGAAG 


CCTGTCACCCAGAACTGGATGGTACCTGACTTTCTTCATAGACCCATCTT 


CTGCTGGGACTGAAGCTGACCTCCAACAGAAGCCAGf94) 


Intervening 

Sequence 

(IVS)1 


GTAAGCCCTGGTCCTTTCCTCTGGTTTTCTAAACTCTTCAGCTGTGGCCG 

AGACGGAGGTGTCATGGGCTGGGAGAGAGGCTGGGTGCATTTTTGAAA 

TGCATGTCATTTTTGGGTTGCGTTTGAA...GGTTTCNCCAAACCCTCTGA 

GCACGAGAAACACAATCACTANCCTCGGGTTTAACCTTGGGCCCTCCGT 

GTGCTCCTAGCCTCCTNTCAGGCTCCCTCCCAGGCATGGCTGCNAGGCT 

GGGAAGGCCCCAGAGTCAGCCCAAGTGGCATGGGTNCAGCTTCAGCTT 

CATGTCTGCTTTTCTTTTAGGATGTATAGTTTCCCCTCTGTTTGCTGGAA 

GGCACCTTATATCCAGTGGGGTTAAATAAAGGTAGCCAGACCCCCGGCT 

GGGGTGCTACCGCCAGTGCCCAGCTAATGACGCATNNNTTCAG(95) 


ExoD 2 
(5'UTR 
underlined - 
remaining is 
coding) 


GTGAGCCCCTTGGGAGAGGATGGCCCATGTGGGGGACTGCACGCAGAC 
GCCCTGGCTCCCCGTCCTGGTG (96) 


IVS2 

(SINE-MlR 
repeat - 
112bp - 
italicized) 


GTAAGTGGTCTGAGCCCCTTACCCCCACAGCACCCTCATCCTCATGATG 

TCCCTCCTCCACAGGGTTCTTCTGAGGGTGAAATGAAACCAGGCCTGCAAAG 
C4C4G/l^CrC7lC?CCCCAGGCTGAAGTTACATTGATTTCGTTGGTAGCTCC 
CTTCATAGGGTCTCATGGATATAAACGTTCTTGATTGCTTGTTTGTGGTG 
TGATACACACAGCCCTGTGTCTATGTGATGAGCTCATGCTTGGGGGCCG 
CGCAGCTAAGAAAGACTTGGAAGACTCAGACCCCTACCCCCATCCTCCT 
GGACACGCCGGTGTTCTGAGGAGCCACTGTATTAGAGGCTCAGTGGGG 
GACAGGGGCGCCTCCTCCATGACCTTGGCAAGTGCGTTGATGAGGAGA 
ACTCANAGCAGGCCTTGATGGTGGGATGGGGCTTGGCCAGCAGGGGTG 
AAGGCAGGGTGGTTCTAGTGGGGGCTGGCCGTGCCCANGTGGATCAAC 
CAGGAGCCACTGGAGACTTAACAGCAGTGAGCACTNACAAGCGGCACC 
TTCCCAGACCGAGCCCCCAGCAGAGCCCCCACCGCAGGGCACCCCCTTC 
CTATGTCAACCTTGGGGTCTTGCAGGAGTCACATGTGTTTCTAAGGAGG 
TACGGAGGCCACAACACCCCCCTTTGTTGGCAG(97) 


Exon3 


GTGTCTCTGATGTGCTCAGCCCGAGCGGAATACTCAAACTGCGGTGAGA 
ACGAGTACTACAACcAGACTACGGGGCTGTGCCAGGAGTGCCCCCCGTG 
TGGGCCGGGAGAGGAGCCCTACCTG (98) 


IVS4 


GTAAGGACCCAGCCCTCCTGGAGCCTGGTGCGCTCTCAGGGGAGGCCTC 

CTGCTTGTGGCATTGTTGCCCTGAGCCTGCCTTGCTGTGTGAGGGGATG 

CCAGGGTATATCAAACCAGCCGGTCACGCTCCCTGGACGTTGAGATTGA 

TGGCAAGAGCTGCCGTGAGCCCAGGAATGGCACTCACCAGCTAAGCAT 

TCATAAACAGATTTTTCAGGAGTTCTGAAATGTTTTTAAAGGATCACTTT 

CCCACTCTACCCTGATTAAATGAGCGTCAGATCATCTGATTGGAAGCAG 

GATTGAAATATTCTCCAGTACTAGTACATTTTTTCCTGAGTGCTGCATCT 

CCCTCCGCCTCTGGGCAAGCTAAGCCTGAGTGTTCTGTTCAGCACTAAG 

GGAAACCTCCGGGGTTTCAGTGTCCGGTTCTTGTAGCAAGCTGAGGAAA 

GTCAGATGCCAAGTGCTACCTGCACTGCCTGGGCATTCCAGCAGCTCGC 

TGAATTCATCTCGGGGAGGCTCAGAAAAGGGGCAGCATCTGGAGCCTG 

AGAGTGGCGAGGAGAGGGGCAAGCCCAGAGCATGAGCTGGTTCCTGGG 

GGGTTTTGCAGTTAGGACAACTCAGGAAACCAAGGCCCGGCAAGAGTA 

GCTTCTGGAGACAGCTGGCACGTCACTGCCCAAGGACTGTGGGCCGAG 

TCCGTATGGTTTGGCTGCTGCACTCACCTGTGTCCCCTGTCCTCTTTCCC 

TGGACAG (99) 


Exon4 


TCCTGTGGCTACGGCACCAAAGACGAGGACTACGGCTGCGTCCCCTGCC 
CGGCGGAGAAGTTTTCCAAAGGAGGCTACCAGATATGCAGGCGTCACA 
AAGACTGTGAGGGCTTCTTCCGGGCCACCGTGCTGACACCAGGGGACA 
TGGAGAATGACGCTGAGTGTGGCCCTTGCCTCCCTGG(IOO) 
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Description 


Nucleotide Sequence 


IVS5 


GTAAGCACAGGCCCTCCTGGCAAACCCTGGCATGCTTTCTGCAGAAAAC 

CCCGAGGGGCTACGGGCAAGGACCTTGGGAACAGGGGTCATGGATACT 

GCAGGCCTCGGTGCAGCCGCACACCTGGCCTTGGTCCCATCCCACAAGG 

AGCAGCATCCAGGACGGAGAGTCCTGGCCCCTCCGGTGGACAGGCAGC 

CCATCAGGCTCTGCCTCTGTGTCTCCTAAGTGGCCATTAACCATCATAAT 

ATCTTCTGACCACCAAAAGGAAACAAATTGCTTGAATACTTACAGTGCA 

GTAGCCCATGTGAAACACTTTGGGAAAAAGAAAACTNNAATTTNATGC 

AAAAAGCAGTATTTTOAGTATTCTGGNAACACTCTGGNNAANCTACTAA 

TAANNTANATNTG...AGAAAAGAAATATNANTGANGAGATTATGANNNC 

GAAGNNAAGNNANGNANAANCANANNAGGNTNNAGAAAATGAGGTTG 

NNAANGANTNATAANATAGNACANNGNTGATATNCATNGGAAAGTAA 

A nxrrir'xrxr:: a r^xr a xtxt a n^m a TXT/rrri a TTvin/^r* a nnnT a ttpxtttsji^ a cxnn 

/VV^IN O^^lN 1 Ij/VLjrN AiN IN A\J i \JJ\ 1 1 1 VJ 1 VJfA 1 IN vr\^\-^A.OrVJOr 1 /\ i 1 V^IN 1 IN OAuvJVJ 

AAAACANGACTATTGGANCAGANNGTGNGGAAAGGNACAAACGNTGT 

IN lINAlN*^Al/\.0/\IN/\-f\ININ iAVjAVjl IvJiN i vJVJVJ 1 VjOOv-^A 1 1 1>IIn>V/\iNIN AVJl-^lNO 

GTAAAGAATAGCTTGNAAGTNGNCAAGGGGTNCCAGAGGCAANNNTA 

ATGCCTATANATCCCATAAGNNTGCAGGCTANTGGNGANGGTGCTNAC 

AAAGAGCATGTTCCTCCTCCAGGAAGGTCTGGCCTTNGTTGGTGTNACC 

CCTGGGGGGCTAANCAGGCCNTACATGTGGGGGCACAGGGATATTTCT 

GGTGNATGATGTGATGGCACACACACTAAACACAGCCACCAGAGAGAG 

GAACCAGAAAGGGGCTGAGATCAAAAGAAAGGCCCACGTTGGCAGCTC 

AATATTGTTAAAAGAATGCTCCATTTCAAGACAGGCTGAAACCCCAAG 

GAAACTGAGTGGACAGAGCAGGTGACTGAGTGGGCGTGGCCTCATGCC 

CGACTTGATTGTGGGCCTGCAGACTGGCCACCGTGCTCTCTGCACCAGT 

TCTCCNCCGTAG (101) 




PTAPTAP ATfir"TnnAr;A APAnAPPrtArtrtA APATPTATrinPATPtnTPTO 
CTACTCCTGCCTCCTGGCACCCCCCAACACCAAGGAAT(102) 


IVS6 

(SEVE-MIR 
repeat - 
104bp - 
italicized) 


GTGAGTGTCTTTGTCCTTCCACCAGCACGGTATTTGTTCAGGCACGGAT 

CTCTTTCACTACAGAGGGTGTAGGAAAGAGCCGGTCCTGGCACCTGGAC 

AAGGTGAATCACAGTAACAGCACTAGTGAAAGTGCTCCTGTGGCCTGTC 

CAGGCAGGTCTATGAAGGGAGGGGCGTTTGCCACATCTGAGCCTTG^Gr 

CAGAGGCTGAGGTTCTAGTGCAGGTTGGCCACCAGCTACCTGACAAGTCAC 

TTAACCTCCATGAGCCTCGGTTTTCTCATCGGTAATATGGGGGTGA...AGAAA 

GNACAATANCGATGACTCTTTAGGGTTCATTAAACAGTCTAAGAAATAC 

AAATATTTAGCTCCCCTCAGCCATCACTGCCTCAGGCCCATTCATGATC 

ATGAATCCAGATCCATGAGCTCTGTGGCAGCGTGCTTTGAAGGTGGAGC 

TTCTCTGGATCATTTGAGGGACTCTATTTTGCCTTGCAG (1 03) 


Exon 6 


GTGTGGGAGCCACTTCAGGAGCTTCTGCCAACTTCCCTGGCACCTCGGG 
CAGCAGCACCCTGTCTCCCTTCCAGCACGCCCACAAAG(104) 


IVS7 


GTGAGGAGGGTGCTCAGGTATCGATCACCTGGAGTTAGGTGGTACTCG 

GATGAAAGCTCAGAAGAGGAGAGGAAATGATCATGAGTGATGATTATG 

GTGCGCTTCCCCACCTGGCCTCACCTCCCTAATGTAATTGAATGACATG 

TTGCCCCCCGTGCAGGAAGTCATTATATCTGCAATCAGAGTTGATCCCT 

CTATGGGTGTCCTGGGACCGCTGGGAGGTGCTGGTGGTGAAGGCGGGG 

GCATAGCGGCAGGTGGACAGCACAGGCAGCTGCAAGCCCGGCCAGGAG 

GAGAGACCAGGCGTCCTGGGCTTTGGTTTGGCCGNGAGTTAACAGCAA 

TTCTATCACTGGTTTTCATATAAACATGCTGACCATAGCACTTTAATATT 

AACTTGCANAANGTNCATTTTCATTCTNCCTTAACCAGGGAAGANGGGA 

TCGNGGAGGACCCCAANGTTTANTNTGCCTCTCACANTTAGNCCCCCAC 

NTGGCTT...GNCNTNAAGGTTGCCAAAGCAGTAGNAGCGAGAAGCAAGC 

TCCCTTAGGAACAATNAGGTANCCCCAGAAAAAGTCTGGANAGGCCAA 

GTCTGAGGGCAGCGAGCAGGGGTTGTGGGCAGTCCTGGTCTGGCAGCC 

AAAACCAGCGCGNAGGATTTGGTTCTCAGTCTAAGCAAGCACCTCAGA 

TTTCAGGGTTCCCTGAAAGCATCCCAGGGGCAGGGCCATTGCTTCCAGG 

GGCCGGAGTCCTGGAGGGAAGACCAGCAGGGATCCTGAGCTCTGGGTC 

ATTCATGCCTTCTCTCCACCCACAG (105) 
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Description 


Nucleotide Sequence 




AACTCTCAGGCCAAGGACACCTGGCCACTGCCCTGATCATTGCAATGTC 
CACCATCTTCATCATGGCCATCGCCATCGTCCTCATCATCATGTTCTACA 
TCCTGAAGACAAAGCCCTCTGCCCCAG (106) 


IVS8 


GTGACGGCCCCCATGCGCCGGTGCCCTGCCTCCTGGACTCTCCGTCAAC 

TCCCCCTGTCGGAGAGCCTGGCTGCTCACTCCCTCCTCTCTCCCCAG 

(107) 


ExonS 


CCTGTTGCACCAGCCACCCGGGGAAGAGCGTGGAGGCCCAAGTGAGCA 
AGGACGAGGAGAAGAAAGAGGCCCCAG (108) 


IVS9 


GTCTGTGAACCAGGGCTTCCACACACCATGTGCACGGTGCCCATCTCTG 

GGTGGAGGGCGTTCCCAGAAGCAGCCTCCTCGCTGCTTCTGCTCTCACA 

TGCTGAACCATACTGTGCTTACCGTGGGGTGGTGCCACACAGACACCGG 

GCAGCTCTGCCCAACAGGAAGAGCAGGGTTGGGCTGAGCGCANAGCCA 

TGAGCCAATTCTAACTCCTATCTCCCCAACCTCCCCATTTCCCTGCAG 

(109) 


Exoa9 


ACAACGTGGTGATGTTCTCCGAGAAGGATGAATTTGAGAAGCTGACAG 
CAACTTCAGCAAAGCCCACCAAGAG (110) 


IVSIO 


GTATGTGGAAGCCCCCACACCAAGCTGAACTGGGGTCCTGTGGATCCTG 
AGCAGGGAGGGGTTNCCAGGGTGCAGCCGAGTGAACTGACAGGCTAGC 
CTGGGACACTATGGGGACGTTCGGCGACAGACAGTCCCCACCACCTCTT 
TGCTGACTGGCAGGGGTCAGGTGGTGTGAGGAGCCTGTGGAAACAGCT 
GCCTGCTGCTCTCGGGTCAGGCCCCTGTCCCTGCATCCTGCCAAATTCCC 
TGGGCCTTCCTCCTTAACATCCGAATTCCTCATGCCCCTTCTCCAGACTG 
GGAGGGCAGAACATAAAGCCAAGGATGCATGCCTGTTGCGGCCAACAC 
ACCAGTACCACCCGTGCCGGTGCCAGTACTGCTGCCACCGTAATGCTGG 
TAACAACCGTGGTGATGACGGCTAACAGCATTTGGTGCCTACTGCCCAC 
CAAGTGCTGGGCTAGGGCTGTGAACACATCCTNCCTTCCACCAGCCCAN 
GAGCAAGGTGCTTGGAATCATCCCTGGTTATAGGAATACCACACTGAG 

CTTGGGGTCCGAAGTCCANGCTCCCAANGAGCCACATGGNGNTAAANA. 
..GGTNAGNCAGGGTCACCCCCCTAAGTTCCAAGAGGGGGGCTTTTCNAG 
GCACAAAGGGTTCCATTNAGGTTCCCTTTTCAATGNCTTCCAGAGAGCC 

AvjL-A 1 VJVjA 111 V^AVjl^»J(^L-AO<->JN OL^A 1 L/L-AA 1 VJ i 1 1 Kjk^ 111 AAV^A 1 UA 

AGACACCAGTTGAACTTGGGTGCTTACTGGGATTAAATACAGAGATCTA 
GGACATATTCAATGAACCTTCACGGAGCATCCATTGTGTGTCAGGTAGC 
AGGGAAGGAGAGGCCCGTGGATGCCTCCCACCCGCAGTGGCAGCCCCA 
GCCCCTTAGACGCCTGCAGGTCACCCACCACGGACTTGTTTGTTTGGAA 

GTGCCCACAAGGTGCCCAGTAAACACCTGAAAAACAAGTCATTGCCCC 
CCACTGTCCACAGCTGGGCAATGGACAAGTTCACCACAGGAGAACTTG 
TCAGGGCTGCAGCCCCCCCAGGCACTGCTAATGACCATCGCTCTTGTTT 
TTGCAG(lll) 


£xon 10 


CGAGAACGATGCCTCATCNGAGAATGAGCAGCTGCTGAGCCGGAGCGT 
CGACAGTGATGAGGAGCCCGCCCCTGACAAGCAGGGCTCCCCGGAGCT 
GTGCCTGCTGTCGCTGGTTCACCTGGCCAGGGAGAAGTCTGCCACCAGC 
AACAAGTCAGCCGGG (1 12) 


IVS 11 (Alu 
repeat - 
italicized) 


GTGAGGCTCCTGCAGGTGCCATGATGAGCTGTGAGATGTGGCTCCCTCA 
CAGCCGCAAGGACTAAAACTTTCTTATTGAATCAGCTCTCCTGCAAGAC 
GGGGTGTTTCTCCCAGAAGTCCAAGATAGGAGACCTGGACAGTGACAA 
GTTCACAGCAAGATAGTCAAAAGGGAAAAAAACCCTTTCGTTTTTGAGr 
TTTGTTTTTTTTTTNGGNGATGANAGNCTNG... (113) 


Exon 11 


ATTCAAAGCCGGAGGAAAAAGATCCTCGATGTGTATGCCAACGTGTGT 
GGAGTCGTGGAAG (114) 


IVS 12 


...AGAGTGGNNGAAGAGNGAAGGGAGGNGAAAAGGGGGNGAGNGAGG 
GAAGGAGGNGGGAANNNGGAGTGAGGGGGGGAAGGGGNAGAGNGGG 
NGGNAGNGNGNGGNGAGNGGGANAGNGAAAGNAGTGAGANGGGAAG 
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GNGNNNGGTNGAAATATTNANAGAAATTTTTTCAAATAATTTTTATTTC 

/\1 1 1 /\/\/\ 1 rvrt. 1 111 1 V^/\Vjrl Oil vJAV^V^ 1 1 \^1 Al 1 VJ AV^ 1 U 1 VJ AV-/ 1 1 VJ^A_A\>^A 

TCTAACTGTGGCCATTGGTGTCTGTAG (115) 


Exon 12 
(3' UTR 
underlined) 


VJ 1 1 i AVjwl^l-^^AV-^OOAvJL^ 1 vJl^C/A 111 VjA 1 1 OL^l-^ 1 L^\jrA\jrAAvjAV^ 1 AOi^C^vj 

AA 1 V jLv 1 \_^AOV^ 1 V-VJ 1 /\L 1 L - 1 VjAvjAAOO^ 1 w 1 i w 1 OraAAAL^VJ i 

J^VjL^CaV^L- i k^Ui^V^VjAUACrv^ i 1 V^OvH^*^ l CrAAVjAiJVjVjA 1 UAOA 1 1 OOUOOL^ 

A Tn A P A r} A PPtOP A TOP A A PTPTTTn A P P OP A TP A OP A POOP A OnPT A P 
A 1 VJA\^ AUA\^VJVJ\w^A 1 VJl^y AAV^ 1 1 1 1 UAV^l_^VJV^A i V^^AUL^A^-^VJVJV-^AVJOV^ 1 Av^ 

A nn A Tnr'PTO a opt a ptp a p a a a a ptootop a o a tto a nr^nrin'mri a t 

AOt^A 1 U*^*^ 1 VjAtjL^ i A*^ 1 »^A*_-AAAAV^ 1 UVj I iJK^AVjA I 1 OA*J*^VJVJ^.^ 1 OvrA 1 
1 Lr 1 VJUAvj IL^Ly 1 lUlUiUl^A»jA»^AlA\.^luCrA0^1UOU*^OVJfOUrvJl luHjL^ 

/"> A r^r'Tor^r'TPPP a opp a p a toptop a tppto a a a a op a topototoooo 

L-At^C 1 ijC^V^ 1 CV.^*^AuL-V^AL^A 1 UL- 1 UL-A 1 i^L^ 1 IjAAAAlJi^A 1 IjL^t^ IKJ I UOVJl.^ 

'm'mr'Tnnr* a o-o a r* a a ooo a a oo a too a a oo a oooototoo a oototo a 

1 Lj 1 v_^L^ 1 i^^i^v^AgvJAi^AAoL^L^AALjLl A 1 A AL^v^J ALjLjLjL. 1 1 LjLj/VLjL.. lo 1 vJ/v 


rvrnnTficc^ a a a a o a ptopp a a o a a TPn a oopttttoto a t a totp a ppo 


TATGCCTTAGGATGTTCAAGGAGCCAGACGAAATAAGGCCTGTCTTCCA 


A TTT^ A A r^r* A A A/^ATA A A/^/^A /^T A A nf^f^r^C^f^ ATA /^T^HTT^r^ A XT A 'T/^/^T'/^i^ 

Al 1 lAACC/AAAGAlAAAGGACl AuAuCCGuGAl ACi 1 IL/AJNAiGdCG 


O/^T/^T A r^r^Tr^ a Z"*/^ A^/^/^A/^A/~*T'A a ATA T/^T a /^X/~* A/^T/^ AT'A/^A/^r^/~'Ai^/^ 

ILr 1 AOC 1 C ACOALiLji^ Atj ALr 1 AAA 1 A 1 1 A*^ 1 <^ A*^ 1 C A i AUAVjCC AvjC 


CCACCAGCCCACCATTAACTCACTGAACAATGAGACAATGTNGAGGAC 


'Tr^ A A A IV ; A ATr^A A A r^c^c^c^rvmr^ci. A att^a/^a/^axtx/^ a a/^a a T^r^T/^/^T*/^/^ 
1 t^AAA 1 vjAA 1 L-AAACL/V^V^*a 1 Vj*JLrAA 1 UAV_/AVjAlN 1 VjAACrAA i 1 VjVj i 


r^T^/^X/^TT^ A A OO A OT'XTOO A C'i'f^f A OT AOA AOAOAOA A nn A A oriT A TnT* 
l^lLrH^l 1 1 AAuuAVj 111 UV^AL- 1 L^L^ALr 1 AVjAAuA<_-A*jA_AtjvlAAv^\J 1 A llj 1 


TTACAAACCACTTCACTGGAAGACGTCAAACAAGCTGAATGAAGGGGC 


GCTTAGAAAACGTTAATAGAAGTTCTAAGCGGGAGATGACTCCCTACTG 


GGATGATGAAGGATGGCATCCTAGTGAAGAAGCAGCTCAAACATTTTG 


ATAAAATGGCAACAAAATGCAGACACCCTGCTCCAGGTATTATTTCAGG 


TTTAGTACAAGTCTGTTAATACCCTATGTGGTTTCATTAGGATAACTTTT 


TACCTATCCTTGAGGTCATCCATATTCTTACAGGCCTTCCAGTCAATAAT 


GGAAGAGCTCACTCTATACAAAACCAATATGCAAGGCATGTGTTTGTCC 


AAGCAATTGGATGTGTGCAGTAGCCAATTTCATTTACTGCATTACTCTTT 


GGCCTGGGAACCCTGTGGTCTGCACTACATGTGAATGGCCTTCCACTTC 


AAGTCTTAGGCAGATTTGACCTTTTAGGGGCAGCAATGCTGAAGGACAC 


AGCAATTTAAATTATAATGTGTCAGGCTGTGTTTTCACTTCAAACATGT 


ATGAGTAGTCAGCTGTAATTAGAGAAATGATGACTTCCTAAGAGTTCAG 


CCACGCATAATTCTAGATTTCAAGAGCATCTAAGACTTGTGGATTAGCC 


TCATGGCATGAGAGTTTCAGACTCAGCCTTCTGAGCCAGTCAGGGAAAG 


TGGAGTTCTGCAGCGCAAATGAGAGCCTGGrGCTTGGTGTCGAGGGAGC 


TGGCTTCTAGTTGTGCCACCTTGGGCCTTGTCTTTTCCTCTCTCTGCCTCA 


GTTTCTCGTCTGCCAATGAGATGTTAGTTAGTGATTCTATAATTGGGGC 


AGGTAGGGTTCAGGTGAGCAAAAAGAAAGTGGAGCTATAGGAAATGCC 


AGGCCTTTGAGGTGCTCTATGGAAGTCAACACAGTGTGGTTTGTCCATT 


TAAATGGGAATAAAAACAGAAAAACTCAGACTTGGCATTTTCACAATA 


ACTGCAATGGTTTGACATAACATTTATAGGCAGAAAGTTAATAAACTGG 


CATTGTTCTTGGCATATTATTGTACTATCCCTGTAACTGCCAAGAGCTCA 


GGAGCCAGGCTAGTGATCACACCAGGGGTTAGAGTTCACTGCTGAACT 


CCv^ 1 VjA i vjvjt^ALiLi H_HjHj1 1 lAl 1 AL^ 1 AC A 1 1 AAAAL^AAAtJ 1 L- i CI vjA 


CTTATAAAGCGAGGTCGTAAAAATTACAAGTTGCATGACTGAAAAAAT 


GCTTTAGGGGGAAAATCAGTCATATCTTTAACACCAACAAGCAATTTCC 


CACCAACGAATGTAGTACATACTGTGAGAGGATCATAATGAGGTCCTG 


AATATTTAATATCATCATTTACTGTGTCTGTTTGCTGCTGTTTTTCGAAC 


CTATTTGGTTTACCCTGCAAGCTAAATACTCCACGGCAGANCTTAATTA 


TCCTTTTAATTCCTCTTTGAAATCCTGTGGTGCCCCCTTCCCCCTGCCTTG 


TGATGATGATGAGTGAGTCTCCCCTTAATTAGACTGCAAATGTCACTTG 


TGATGAGTGTGCCATTCCAGGATAACAGCTTGCACCCTCCTCAGAATGT 


TTTCAGCGAAAGAGTGGGGTGGCTGTTCTCTGCTCCTGGTGCTTTGGCC 


TCATTTCACACTATTAGAATTCTGGGGCTGTAAGGCCAGCCAGTGTCAG 


CTCATGTTCCATTGGCTCTCCACCTGCCATTTTTAGGGAGCTATTCCTTA 


TATAGTTACAAATTCCCTTGTCATTTACTTATTTGGAAACATGGGATTTA 


ctctgacaagctttagcctatgttatgggattcagaacaatgagatcat 
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Description 


Nucleotide Sequence 




AATAATTCTCACTGACCAAAGCTGGGACTCCATCCTGCCATTTTTGTGT 


GGAGATATTCATAATTCTGCAATACTTTAAAACATTTAGAAAACACCCC 


AGGGTAGGTCTGTGGCCCTTANACAGTGAAAGTCTTAATTGGCAATATT 


ATTTTTGCTAATTCTGGATATATATAACNNATTATATTTATAAATCTCAA 


TAAACCCCATTTANTAAAAAAAAAAAAAAAAAAAAAAAA (116) 



SEQ ID NO shown in parenthesis. 



EXAMPLE 10 
Mutation Analysis of the DL Gene in Patients with HED 

5 Kindreds 

Clinical information for each family, with specific attention to dentition, sweating, scalp and 
body hair, as well as informed consent for blood sampling and DNA analyses, was obtained. Twelve 
families were included as having possible autosomal recessive inheritance based on affected sibships 
with unaffected parents and/or the presence of a fiiUy manifesting affected female. Five of 12 
1 0 famihes were consanguineous. Two kindreds had apparent dominant inheritance based on vertical 
transmission of the trait with males and females affected to a similar degree. 

Linkage analysis 

Primer pairs were used for microsateUite (CAn) markers (Research Genetics) to amplify 
1 5 genomic DNA utilizing recommended conditions. The ampUcons were subsequently electrophoresed 
on a 7.5% polyacrylamide gel and blotted as described previously (Zonana et al, 1992, Am. J. Hum. 
Genet. 5 1 : 1036-46, herein incorporated by reference). The membrane was then hybridized with a 
digoxygemn 3'-end labeled CA(i5) oligonucleotide, and subsequently developed using the Genius™ 
System Nonradioactive Nucleic Acid Detection Kit (Boehringer Mannheim). 

20 

Mutation analysis 

Primers from intronic sequences flanking exons 2-11 and from the coding region of exon 12, 
were designed to amplify genomic DNA from one affected individual in each family. Ten amplicons 
containing the entire coding region and the intron/exon boundaries were analyzed. Each exon was 

25 amplified in a 25 p.! PGR reaction containing 5-10 ng DNA, 2.5 jil of lOX buffer, 6.5 pmol each 

primer, 0.5 mM-1.5 mM MgClz, 0.2 mM dNTPs, and 0.02 U Taq DNA polymerase (Qiagen). The 
exons were amplified using the following PGR conditions: 95°C for 30 seconds, 30 seconds at the 
annealing temperature (Exons 2, 5, 10: 58°C; Exon 3, 53°C; Exon 4, 7&8, 60°C; Exons 6, 9, 1 1 and 
12, 57°C), and 1 mmute at 72°C, for 30-33 cycles. 

30 After confirmation of amplification on a 2% agarose gel, products larger than 200 bp were 

restriction digested to obtain products between 70 bp and 205 bp (Exon3-BsrBI, Exon4-BanI, 
Exons7/8-HindIl, ExonlO-SaU, Exonl2-XhoI,BsrBI). Amplicons or their restriction digest products 
were analyzed by single-strand-conformation-polymorphism-analysis (SSCP). 
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DNA from relevant family members, plus 50 control individuals (100 chromosomes), were 
tested for the presence of the variants by the appropriate method; electrophoresis on agarose gel, 
SSCP (see Table 5 for primers used) or ASO analysis. Putative mutations co-segregated with the 
disorder in each family and were absent in the control population. 

Table 5. Primers used for Exon Amplification for Mutation Screening By SSCP 



Exon Forward Primer (5'-3') Reverse Primer (5'-3') 



2 


AAATAAAGGTAGCCAGACCC (74) 


GTAAGGGGCTCAGACCACT (75) 


3 


CATGTGTTTCTAAGGAGGTAC (76) 


CAACAATGCCACAAGCAGGA (77) 


4 


GTCCGTATGGTTTGGCTGC (78) 


GCCAGGGTTTGCCAGGAG (79) 


5 


GTCCAGCTCACCTGTCTCT (80) 


ACCGGCTCTTTCCTACACC (81) 


6 


TGGAGCTTCTCTGGATCATTT (82) 


AACTCCAGGTGATCGATACC (83) 


7-8a 


CTGGGTCATTCATGCCTTCT (84) 


ATGGTGTGTGGAAGCCCTG (85) 


9 


CATGAGCCAATTCTAACTCCT (86) 


CAGGACCCCAGTTCAGCTT (87) 


10 


CCCAGGCACTGCTAATGAC (88) 


CCACATCTCACAGCTCATCA (89) 


11 


TTTCTACTGTTGCCCCTTTCT (90) 


CCCAGCCCTTCATGTCAGT (91) 


12 


TCTATTGACTGTGACTTGCA (92) 


CTCGTTGGATCCTTGGCTT (93) 



a Includes TVS 7. SEQ ID NO shown in parenthesis. 



To identify families whose disorder may map to the candidate region, three microsatellite 
markers were chosen for haplotj^je analysis. One marker (D2S1893) locus is present on the same 
YAC (851H5) as the candidate gene, while two others (D2S1890 and D2S1892) flank it (FIG. 7b). 
The disorder and marker loci showed co-segregation in seven of twelve families with recessive 
inheritance. The genomic DNAs from these families were analyzed for mutations by SSCP. Two 
families displayed dominant inheritance, and their disorder co-segregated with the markers. Affected 
individuals irom these families had better heat tolerance and fuller scalp hair than individuals from 
families with recessive inheritance. Recessive families not co-segregating with the candidate locus 
may have mutations ia the human ortholog of the murine crinkled (cr) gene. 

Seven variants, two of which were detected in the confrol population were identified and are 
shown in Table 6. Both dominant families and three recessive families had putative mutations. A 
single change was found in each dominant family, involvittg a base pair transition in exon 12. One, a 
nonsense mutation (Arg358Ter, where Ter stands for termination), if translated, would truncate the 
predicted cytoplasmic portion of the protein. This is similar to the effect of the dominant mutation 
(Z)f '*) in the mouse, which truncates the protein prior to the possible death domain (EXAMPLE 8). 
Previous experiments demonstrated that co-expression of a truncated TNFR with a wild-type receptor 
results in a dominant negative effect on fimction (Fisher et al, 1995, Ce// 81 :935-46; Tartaglia and 
Goeddel, 1992, J. Biol. Chem. 267:4304-7), presumably due to lack of homo-trimerization of the 
death domains. The variant in the second family, a non-conserved missense mutation (Arg420Gln), 
is also in the predicted cytoplasmic portion of the protein within the potential death domain. 
Dominant negative mutations have also been described in the FAS antigen, a member of the TNFR 
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family, in patients with autoimmime lymphoproltferative syndrome (Bettinardi et ah, 1997, Blood 
89:902-9; Infante a/., 1998, J. Pe^fiW. 133:629-33). 



TABLE 6. DL gene variants detected 



Putative Mutations 


Family 


Sequence Change 


Exon 


Predicted Effect 


ED 1206 (AR) 


1VS2 -25 to -8 del 




reduction of poly-pyrimidine tract of 




(homozygous) 




acceptor spUce site 


ED 123 7 (AR) 


266 G^A 


4 


Arg 89 His 




175-356 del* 






ED1238 (AR) 


259 T^C 


4 


Cys 87 Arg 


ED 10 12 (AD) 


(homozygous) 
1072 C^T 


12 


Arg358 Ter 




(heterozygous) 






ED 1029 (AD) 


1259 G->A 


12 


Arg 420 Gin 




(heterozygous) 






Polvmorphisms 




1056 C^T 


12 


Cys 352 Cys 




750 C^T 


9 


Ser 250 Ser 



5 *deletion includes at least exon 4 but exact size is xmknown. AR = autosomal recessive; AD = 
autosomal dominant 

Both affected individuals from families with known consanguinity were homozygous for 
their putative mutations, and their parents were heterozygous. One had an 18 bp deletion at the 3' end 

1 0 of IVS-2. The deletion alters 7 of the 10 bp that constitute a polypyrimidine stretch at the acceptor 
spHce site, reducing the number of pyrimidines from 8 to 3. The importance of an intact 
polypyrimidine tract for normal spliciag is supported by experimental evidence and splice-site 
mutations described in human disorders (Beldjord et al, 1988, Nucleic Acids Res. 16:4927-35; 
Coolidge et al., 1997, Nucleic Acids Res. 25:888-96). The deletion may result in skipping of exon 3 

15 or use of an alternative splice site. 

In the other family, a homozygous Cys87Arg mutation results in a non-conservative change 
in the extracellular domain, possibly affecting intra- or inter-chain disulfide bond formation. The two 
affected sibUngs in the third family (non-consanguineous) appeared to be homozygous for a 
266G-^A mutation, which results in a non-conservative change (Arg89His) in the extracellular 

20 domain. The affected children were heterozygous at flanking polymorphic loci, but failed to inherit a 
paternal allele at the D2S1893 locus (FIG. 6). Sequencing revealed the mother to be heterozygous for 
the variant, while their father was hemizygous wild-type (FIG. 6). Thus, the affected individuals are 
compovmd heterozygotes, with their paternally inherited allele containing a large deletion of 
indeterminate size. 

25 In svmunary, mutations in DL produce both recessive loss of function and dominant negative 

affects. The DL protein may fimction as a multimeric receptor and is related to the TNFR family. 
Ectodysplasin-A, an abnormal protein in X-Unked hypohidrotic ectodermal dysplasia, shows a highly 
significant match (pfscan N=9.9) in its extracellular domain with the TNF family profile (FIG. 4). 
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EXAMPLE 11 
Analysis of dl and DL Protein Sequences 

The amino acid sequences of a mouse dl and human DL protein are aUgned and compared in 
5 FIG. 7, and a schematic diagram of the proteins is shown in FIG. 8. The signal sequence of dl (FIG. 
7, first 24 residues) is involved in insertion of the protein into the plasma membrane in an appropriate 
orientation, but the signal sequence is cleaved before the receptor becomes fimctional. This type of 
signal sequence is found in many proteins, and although it serves a function in protein localization, 
this sequence is not a unique characteristic of the protein, and can be substituted by other signal 

1 0 sequences. In vitro assays used to determine binding of the receptor to a hgand do not require the 

signal sequence. Hence, in some embodiments of the dl sequence, the signal sequence is absent. No 
signal sequence was predicted for DL, due to differences in non-conserved amino acids. 

The predicted Ugand binding region of dl and DL are amino acids 25-151 in FIG. 7, 
although the minimal binding region may be smaller. The cysteine-rich region (residues 30-71), the 

1 5 potential transmembrane domain (residues 1 90-2 11 ) and the potential death domain (residues 410- 
43 1) are shown in FIG. 7. Amino acids conserved between DL and dl are less likely candidates for 
mutations in variant peptides that retain biological activity. However, some amino acids do not 
appear to be crucial by sequence comparison (e.g. residues 25, 28, 37, 46, 51, 58 and 67). However, 
Cys residues in the binding region, and spacing between them, are believed unportant. 

20 The binding region can be subdivided into a TNF receptor type fold (the region containing 

the first six Cys residues (amino acids 25 to 71) and the remainder of the sequence (amino acids 72 to 
151). Either domam may individually bind ligand (Chen et al., 1995, J Biol. Chem. 270:2874-8; 
Corcoran et al., 1994, Eur. J. Biochem. 223:83 1-40). Protein domain prediction was performed using 
PSORTII as described by Chen et al. (J. Biol. Chem. 270:2874-8, 1995). Sequences containing the 

25 ligand binding domain, or subregions of the binding domaui, can be used in assays to detect binding 
of agonists or antagonists to the receptor. 

The potential transmembrane domain (FIG. 8) is underlined in FIG. 7, and extends from 
residues 195 to 21 1 . This region is not believed to have properties unique to DL or dl proteins. A 
similar domain is found in many proteins, and replacement of the transmembrane domain with that of 

3 0 another protein may have no significant effect on the biological activity of a DL or dl protein. 

Regions immediately upstream and downstream of the transmembrane domain (such as 
residues 155 to 194, such as 155 to 165, and residues 212 to 266, such as 222 to 266) are not well 
conserved between human and mouse, and therefore are likely regions in which mutations can be 
made to produce variant proteins that preserve the biological activity of DL or dl. 

35 The domain from about residue 300 to 448 is believed to be more critical to the fimction of 

DL and dl proteins. The dl or DL intracellular signaling domain is believed to include mouse and 
human amino acid residues 267-448 of SEQ ID NOS 19 and 17, respectively. This domain is 
conserved between mouse and human, and homology searches indicate that this region is similar to 
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important signaling regions of other receptors. Moreover, both of the known mouse mutations that 
destroy gene function are in this region. 

EXAMPLE 12 

5 Expression Pattern of dl and Ta in Normal Mouse Development 

Cloning of DL and dl genes makes it possible to follow their expression during 
development, such as tooth, hair, and sweat gland development, and to compare the expression with 
that of Ta/EDAl-II. This example describes experiments used to compare wild-type dl and Ta 
expression during tooth development in mice. Similar methods can be used to analyze DL, dl, 

1 0 EDAl-n and Ta expression patterns in any tissue, such as hair follicles, from any organism. 

To prepare embryonic tissue, mutant and wildtype heads from ElO to E18 mice were wax 
embedded and sectioned at 5 p,m. Sections were split over 5-10 slides and prepared for radioactive in 
situ hybridization, TUNEL staining or Eosin/Haemotoxylin staining. To prepare adult tissue, eight- 
week old adult jaws were dissected out and boiled to remove soft tissue. Jaws were photographed 

1 5 and the teeth removed to allow assessment of root and crown development. 

Radioactive '^S in situ hybridization procedures were performed as described by Wilkinson 
{In situ hybridization: a practical approach. Oxford. Oxford University Press. 1995) with 
modifications described by Tucker et al. (Development 126:221-8, 1999). Antisense probes were 
generated irom mouse cDNA clones. Ta was linearized with Xbal and transcribed with T7. Dl was 

20 linearized with BssHl and transcribed with T7. p21 was linearized with BamHl and transcribed with 
T7. Fgf-4 was linearized with Xmnl, and transcribed with SP6. WntlOB was linearized with Xhol 
and transcribed with T3. Shh was linearized with EcoRl and transcribed with T7, and Bmp-4 was 
linearized with EcoRl and transcribed with SP6. 

Expression of dl during early tooth development was followed by in situ hybridization, dl 

25 was first observed in the oral epithelium at ElO, a stage prior to thickening of the dental epithelium. 
Expression was strongest in the maxillary arch epithelimn, with mandibular arch expression not 
appearing until El 0.5. At the same stage dl expression in the apical ectodermal ridge of the limb was 
strong. Dl expression was restricted at El 1 to the thickening dental epithelium, and clearly observed 
by El 2, when invagination of the epithehmn starts to occur at sites of tooth development. 

30 Ta expression was weak but detectable in tooth epitheUum at E 12. Ta expression was 

clearest in the incisor region on the medial (distal) side of the epithelial thickening. In contrast, dl 
was expressed more laterally (proximally) within the thickening. The situation appears similar in 
molars, although the expression of Ta is weaker. This is the earliest expression shown for Ta. Ta 
may be expressed earlier, but at levels not detected by in situ hybridization. 

35 At El 3, the bud stage, dl expression became restricted to the epithehal cells at the tip of the 

bud, the region encompassing enamel knot precursor cells. The enamel knot is a transient structure 
consisting of a cluster of non-dividing cells at the site of the future first cusp, and is associated with 
cuspal initiation in both incisors and molars (Butler, 1956, Biol. Rev. 3 1:30-70). To determine if dl 
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was marking these cells its expression was compared to p21, a cyclin dependent kinase inhibitor 
thought to be the earliest marker of the fUture enamel knot. In reciprocal sections, dl and p21 
expression in molar tooth germs corresponded exactly. 

At E14, the cap stage, dl was strongly expressed in the enamel knot of both the incisor and 
5 molar and was excluded from other regions of epithelium. Expression was also observed in whisker 
follicles. At this stage Ta was expressed at the collar of the developing cap in the outer enamel 
epithelium and a restricted region of the oral epithelium. The expression patterns of Ta and dl are 
almost complementary at this stage in the epitheUiun. This is more obvious ia the incisor region, 
with Ta expressed m the epithelial cells nearest to the oral cavity and dl expressed m the epithelial 

1 0 cells nearest to the dental mesenchyme. Ta expression was also observed m the forming glands of the 
face, such as the serous nasal glands and in the developing bone and cartilage. These glands are 
absent or reduced and the skull and facial bones dysmorphic in Tabby mice (Griineberg, 1971, J. 
Embryol. Exp. Morph. 25:1-19) and m XLHED patients (Kere et al, 1996, Nature Genet. 13:409- 
416; Montonen et al, 1998, J.Histochem. Cytochem. 46:281-9). The distinct expression patterns of 

15 TawaAdl were also observed at El 8, vdth dl expressed m the mner enamel epithelial cells, and Ta 
expressed in the outer enamel epithelium. 

EXAMPLE 13 

Expression Pattern of dl and Ta in Tabby and Lef-1 mutant mice 

20 This example describes experiments used to detemune dl and Ta expression patterns m 

mutant mice, using the methods described in EXAMPLE 12. 

In E13.5 Tabby mice, dl expression was normal, indicating that the mduction of dl is not 

reliant on the presence of active Ta protein. At E13.5, a smaller tooth germ is only just evident. 

Therefore, dl is expressed prior to Ta in the oral epithelium. Both ^ and Ta expression were normal 
25 m Lef-1 mutant tooth buds at E 1 3 (the stage when tooth development is arrested in Lef-1 mutants) 

indicating that m tooth development Lef-1 is not upstream of the Ta-EDAl-II/dl-DL pathway. 

EXAMPLE 14 

Phenotypic Defects During Tooth Development in downless 
30 This example describes the phenotypic defects in rfo>v«/esi mice. There are two 

spontaneous mutants for downless, dl (homozygous) and Dl ^'^^ (heterozygous). Dl ^^^"^1+ and 
dl ■V dl mice have the same phenotype. The dl ^ mutation is caused by a single base pair change 
resulting in a glutamate to Lys substitution within the predicted death domain (Headon and Overbeek, 
1999, Nature Gen. 22:370-4). Dl^""*^ mice produce a truncated transcript. The Sleek mutation is 
3 5 thought to act as a dominant negative, bmding to the Kgand and wildtype receptor but lacking the 
cytoplasmic sequences required for signal transduction. 

Teeth in dt'"'''^"" and Dl ^'^^^ mice were examined eight weeks after birth. In the mutant 
mice, aU incisor and molar teeth were present. Although the mcisors were of normal shape and size. 
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tlie molars, particularly the first, were reduced in size compared to wild-type mice, and had a 
flattened appearance. Instead of the deep cusps observed in wild-type mice, very shallow depressions 
were present. In downless, only three of the normal eight cusps formed in the first upper molars and 
four of the normal seven cusps in the lower first molars. 
5 No obvious differences were evident between dl and Dl adult molar teeth. The 

defects were identical to those previously described for £)f (Sofaer et al., 1977, Arch. Oral Biol. 
22:299-301), and Tabby (Gritaeberg, 1965, J. Embryol. Exp. Morph. 14:137-59; GrOneberg, 1966, J. 
Embryol. Exp. Morph. 15:223-44), and were similar to those observed in XLHED patients (Crawford 
etal, 1991, J. Med. Genet. 28:181-5). 
1 0 During embryogenesis, the development of df"'^'""" teeth was relatively normal up to the cap 

stage E14-E15. At this stage the enamel knot was not apparent. However, the overall size of the 
tooth germs appeared normal. 



EXAMPLE 15 

1 5 Conversion of the Enamel Knot into an Enamel Rope in downless 

To fljrther investigate the enamel knot defect, the expression of genes associated with this 
signaling center were compared between wildtype and dl'""^"" mice, c?/ is an early marker for the 
developing enamel knot. At El 3, when the enamel knot starts to form, p21 and dl are expressed at 
the tips of the buds in the molar region. In downless, expression of p21 and dl was diffuse and spread 

20 throughout the invaginating epithelium. This effect was most obvious in the maxillary molars. The 
expression of p21 was downregulated in the buds when compared to normal levels seen in other 
structures such as the tongue. The surroimding condensing mesenchymal cells appeared relatively 
normal as shown by the expression of Bmp-4, a gene believed to be responsible for induction of the 
early enamel knot at the bud stage. The expression was slightly more diffiise, especially in the upper 

25 molar but by E 14.5 however, expression appeared normal in the mesenchyme. 

By El 5, when the wild-type knot is visible as a clustering of cells, mutant cells Ml to adopt 
their usual distribution and instead form an elongated sheet of ceUs termed the "enamel rope." 
Expression of dl was at wild-type levels but stretched as an elongated band of cells. This was also 
observed for Fgf-4, which is usually only expressed at the center of the enamel knot (Jemvall et at., 

30 1994, Int J. Dev. Biol. 38:463-9), and for Shh, which is usually expressed over a slightly larger area, 
correlating with the non-dividing cells (Vaahtokari et al, 1996, Mech. Dev. 54, 39-43). Expression 
of WntlOb, which overlaps with Shh in the enamel knot, was similarly affected and extended in an 
elongated epithelial structure very different fi-om the enamel knot. These changes were observed in 
all dl embryos examined vdth some variation in the extent of the enamel rope. Such variation 

3 5 may relate to the variation in the severity of cusp defects reported. Thus, enamel knot cells are 

formed but their organization is dramatically affected by the absence of dl protein. The expression of 
Bmp-4 in the condensing mesenchyme was normal in mutant tooth germs, but expression in epithelial 
cells overlying this region was similar to Shh, Fgf-4, and WntlOb. Ta expression in the coUar region 
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of the tooth is nonnal, indicating that Ta does not need functional dl protein to maintain its 
expression pattern. The levels of expression of the enamel knot markers was normal, compared to 
controls. This is in contrast to the Tabby mutant mice, where expression is at a lower (reduced) level. 
At E18 the secondary enamel knots form in the molars, above where additional cusps 
5 develop. Incisors do not develop secondary knots, as predicted by their monocuspid morphology. 
The secondary knots are highlighted by the expression of Fgf-4, which moves from the center of the 
tooth to the site of two new cusps (Jemvall et al, 1994, Int. J. Dev. Biol. 38:463-9). The presence of 
secondary enamel knots was compared in wildtype and downless mutant mice. Instead of two 
compact groups of cells expressing Fgf-4 at the position of the new knots, Fgf-4 is expressed in a 

1 0 band between the normal two sites. Thus no normal secondary enamel knots were formed, 

explaimng the reduced niunber of cusps observed in downless adult teeth. Ta expression was normal. 
Overall, the tooth germs at El 8 appeared smaller than the wildtype. 

The disruption of the enamel knot into an enamel rope in downless mice correlates with cusp 
defects in developmg teeth, directly linldng the need for the enamel knot with cusp morphogenesis. 

1 5 The limited defect observed in incisor teeth, compared to molars, indicates that the enamel knot 
formed in incisor teeth has a slightly different role to that in the multicuspid molars. In nonnal 
development, the cusps that start to from first become the highest, with subsequently forming cusps 
being progressively smaller (Jemvall, 1995, Acta Zool. Fennica 198:1-61). The abnormal areas in the 
lower molars of the downless mutant are generally those that develop late, such as LI (lingual cusp 1) 

20 (Sofeer, 1969, J. Embryol. Exp. Morph. 22:207-27). Such later developing cusps may be more 
susceptible to a general reduction in size and complexity of the whole crown. The upper molars, 
however, do not fit in with this pattern, with loss of B3 (buccal cusp 3) occurring frequently, despite 
the early development of this cusp (Gruneberg, 1965, J. Embryol. Exp. Morph. 14: 137-59). Because 
cusps form in downless mutants indicates that title signaling functions of enamel knot cells are 

25 partially retained as shown by the expression of Fgf-4, Shh and WntlOb. The abnormal shape of the 
structure may slightly alter the action of these signalling factors leading to abnormal cusp formation. 

Although the adult phenotypes of Tabby and downless are identical, defects during tooth 
development are very different. In Tabby there is a recognizable but small enamel knot (Pispa et al., 
1999, Dev. Biol. 216:521-34). In downless the knot is absent, but enamel knot ceUs are organized 

30 into a different shape, an enamel rope, showing altered expression of signaling factors {Shh, Fgf-4, 
Bmp-4, WntlOb). That these two different defects lead to almost identical phenotypes of small teeth 
with reduced cusps, indicates that the enamel knot fails to ftinction effectively in both cases. 

A defect in cell adhesion is beUeved to generate the downless enamel knot defect. Absence 
of functional dl may result in failure of cells destined to form the enamel knot to adhere together, 

35 resulting in a flattened sheet-like structure. The possibihty that dl/DL is expressed on the same cells 
as Ta/EDAl-II is consistent with a cell-cell adhesion mechanism. EGF, which partially rescues the 
Tabby mutant phenotype, also induces ceU rounding in epithelial cells by counteractmg the adhesive 
function ofE-cadheriQ(Hoschuetzkye? a/., 1994, J! Cell Biol. 127:1375-80). Thus EGF, working 
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with Lef-1, is believed to induce rounding of cells in the enamel knot, ia the absence of Ta/EDAl-IL 
This indicates that the Ta/EDAl-II/dl/DL pathway(s) runs mdependently of the EGF/Lef-1 pathway. 
Such a parallel pathway was suggested in hair follicles (Headon and Overbeek, 1999, Nature Gen. 
22:370-4). Further support is provided by the observation that dl and Ta expression is normal in Lefl 
5 knockout mice, despite the potential Lef-1 binding site in the Ta promoter. In addition to a defect in 
cell adhesion, loss of fimctional dl protein may also lead to other secondary defects, such as a 
decrease in the ability of the enamel knot to stimulate proliferation. 

EXAMPLE 16 

1 0 Tabby and Downless interact in vitro 

To further investigate the ability of the Ta/EDAl-H Ugand and the dl/DL receptor to 
interact, fusion proteins were generated and purified, and their ability to inmnmoprecipitate together 
was assessed. Similar methods can be used to determine if polymorphisms, mutants, fragments, 
fusions or other Ta/EDAl-II and dLDL variants interact, or to determine if the ligand and receptor 

1 5 interact with other proteins. In addition, these methods cmi be used to determine if other compounds, 
bind with high specificity to the dl/DL receptor. 

A Ta fusion protein was constructed by fusing the extracellular domain of Ta (residues 1- 
183) to the hinge and Fc portion of human IgGl. hFas (residues 1-170), hTRAIL-R2 (residues 1- 
212) and 4- IBB (residues 1-1 86) were also expressed as Ig fusion proteins. cDNA for the TNF 

20 homology domain of murine dl was amplified by nested PGR firom mouse lung cDNA using primer 
pau-s 5'-GGATTCCAGGAACAACTGTTATGG-3' (SEQ ID NO 119) with 5'- 
CCTACACACAGCAAGCACCTTAGAG-3' (SEQ ID NO 120); and 5'- 
GTCGACGAAAATCAGCCAGCTG-3' (SEQ ID NO 121) with 5'- 

AAGCTTCTAGGATGCAGGGGC-3' (SEQ ID NO 122). The TNF homology domam of dl 
25 (residues 245-39 1) was cloned 3' of the haemaglutinin signal peptide and of a Flag tag. Flag-tagged 
hFasL (residues 103-281), hTRAIL (residues 95-281) andh4-lBBL (residues 85-253) were also 
used. Construction, expression and purification were performed as described by Schneider {Meth. 
Enzymol. 322:325-45, 2000) herein mcorporated by reference. 

The receptors:FC (0.5 ng each), were mixed with the Flag-ligands (about 200 ng) in 1 ml of 
30 PBS, and immunoprecipitated with 5 |il of Protein A-Sepharose for one hour at 4°C. Beads were 
loaded on mini-columns, washed twice with 400 |j.l of PBS and eluted with 15 [il of 0. 1 M citrate- 
NaOH pH 2.7. Eluates were neutralized with Tris-HCl pH 8.5, resolved on 12% acrylamide gels and 
co-precipitating ligands detected by western blotting using anti-Flag M2niAb (1 ng/^il), horse radish 
peroxidase-coupled anti-mouse antibodies and ECL. The same blot was subsequently reprobed with 
35 horse radish peroxidase-coupled anti-human antibodies to reveal receptors:Fc. 

Using recombinant, soluble forms of Ta and dl, a strong and specific interaction was 
observed, comparable to those of three other pairs of ligands and receptors of the TNF family, namely 
Fas/FasL, TRAIL-R2/TRAIL and 4-1BB/4-1BBL. Recombinant dl migrated as a double band, which 
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may be the result of differential N-glycosylation. dl did not interact with 22 other receptors of the 
TNFR family, and Ta:Fc faUed to immimoprecipitate 12 other ligands of the TNF family. 

In another embodiment, an EDA 1 -II ligand can be used to quantitatively assay DL receptor 
binding afSnity. The Ta ligand can be used for dl. Membranes from dl or DL transfected CHO cells 
5 (LC-7) are incubated with increasing concentrations of (^^I)-EDAl-n in a final volume of 0.2 mL 
binding buffer (50 mM Hepes, pH 7.4, 10 mM NaCl, ImM MgCls, 2.5 mM CaCh, 0. 1% bovine 
serum albumin, 0.025% bacitracin) containing 1 mg wheat germ agglutioin-coated SA beads 
(Amersham). lodinated peptide can be synthesized using the chloramine T method. Assays are 
performed in 96-weli plates (OptiPlate, Caberra Packard) and the mbrtures incubated with shaking for 

10 1 hour. Bound ligand-associated raxiioactivity is determined by scintillation proximity (Nelson, 1987, 
Anal. Biochem. 165:287; Bosworth and Towers, 1989, Nature 341:167) using a TopCoimt microplate 
scintillation counter (Canberra packard). Concentrations of free Ugand are calculated by subtracting 
the amount of specifically-bound Hgand from the total amount of radioligand added. 

A Scatchard analysis may be performed to determine whether the radiolabeled monoiodo- 

1 5 peptide displays saturable and displaceable binding to membranes of dl- or DL-expressing transfected 
cells, by determining the Kd (slope of Scatchard line = -l/Kp) and a B^ax (Scatchard line abscissa 
intercept) of membrane protein. Kd can be determined as in Munson, Principles of Pharmacology 
(Chapman & Hall), 1995, Chapter 1. 

These experiments can be used to determine if EDA 1 -II, including variant EDAl-II peptides 

20 with deletions, substitutions, mutations, or insertions, bind saturably to the DL receptor with high- 
affinity, by determining the Kd of the variant peptide. Similar methods can be used to determine if 
any compoimd of interest, for example naturally-occurring or synthetic dl or DL receptor agonists 
and antagonists, bind saturably to the receptor with high-affinity. lodinated peptides and compounds 
that bind with high affinity to the receptor with high affinity can also be used as a radioligand to 

25 detect and quantify dl or DL receptor levels. 

To determine if a peptide or compound binds with high affinity, Kd is calculated as 
described above. For example, a compound or variant peptide havrng a Kd less than about 10"* M, 
for example 10"^ M, such as 2 nM or 20 nM, is considered a compound or peptide suitable for further 
investigation in biological assays of hair development, tooth development, sweat gland development 

30 and/or skin growth stimulation or inhibition. 

EXAMPLE 17 

Soluble forms of downless phenocopy the Tabby tooth phenotype 

Purified dl:Fc was dissolved in DMEM with glutamax (Gibco BRL) + 3% fetal calf serum 
35 (FCS) and 50 |ig/ml apotransferin to give a final concenfration of 50 ng/ml soluble receptor. 

Mandibular molar regions were dissected out from E12.5 embryos of the CD-I strain. Noon on the 
day on which the plugs were detected was considered as E0.5. Molar explants were cultured on 
membrane filters on metal grids following the Trowel technique as modified by Saxen (Trowel, 1959, 
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Exp. Cell Res. 16:118-47; Saxen, 1966, J. Exp. Zool. 162:269-94; both herein incorporated by 
reference) in a standard incubator at 37° C with an atmosphere of 5% CO2 in air and 100% humidity. 
AU solutions contaiaed penicillin and streptomycin at 20 lU/ml. After three days, the explants were 
washed in ice-cold methanol for one minute then fixed in fresh 4% paraformaldehyde for one hour at 
5 RT. Cultures were then washed, taken through an ethanol series and embedded for sectioning. 

The effect of adding soluble forms of dl to explant cultures of mandibular molars at E12.5 
was tested. At this stage the tooth germ is visible as a deep thickening, and no defects are obvious in 
downless or Tabby mice. The cultures were left for three days to develop to the cap stage, when the 
enamel knot becomes prominent. 

1 0 The resultmg tooth germs had small enamel knots, which expressed sonic hedgehog at a 

greatly diminished extent. Fgf-4 expression was completely lost compared to control cultures. The 
reduction of Shh expression was noticeable along the longitudinal axis, as indicated by counting the 
nimiber of sections showing gene expression. In controls, Shh expression lasted for at least 60 |im, 
while dl expression in the treated cultures appeared across only 30 |xm. The loss ai Fgf-4 may 

1 5 indicate a delay in development of the treated cultures, when compared to controls, since Fgf-4 is 

expressed in the enamel knot after Shh. The expression of other genes not associated with the enamel 
knot, for example Lhx7, were unaffected by the treatment indicating that the soluble c// receptor was 
not having a non-specific effect. This phenotype is very similar to the Tabby phenotype (Pispa et al, 
1999, Dev. Biol. 216:521-34). Therefore, tooth germs treated with soluble dl receptor developed 

20 small Tabby-^Q enamel knots, rather than the enamel ropes of the downless mutant. That soluble dl 
can phenocopy Tabby indicates that in the cultures it is blocking endogenous Tabby protein. 

EXAMPLE 18 
Apoptosis is not affected in downless mutant tooth germs 

25 The death domain, which is disrupted in df^^^ mutants, is involved in the transduction of 

apoptotic signals (Ashkenaz and Dixit, 1998, Science 281:1305-8). In addition, the enamel knot is a 
well-estabUshed localized site of apoptosis, which leads to its eventual silencing as a signaling center 
(Vaahtokari et al, 1996, Development 122:121-9). Apoptosis starts at the bud stage, correlated with 
first expression of the enamel knot cell marker p21 (Jemvall et al, 1998, Development 125:161-9). 

30 To determine if apoptosis was affected in downless mutants, the extent of apoptosis seen in bud stage 
tooth germs in wildtype and downless mice was compared using a TUNEL assay. 

Apoptotic cells were localized by detecting DNA fragmentation. A digoxigenin-based 
modification of termmal deoxynucleotidyl transferase mediated labelmg (TUNEL) was used for 
histological sections, using the protocols of Vaahtokari et al {Development 122:121-9, 1996, herein 

3 5 incorporated by reference). SUdes were counter-stained with malachite green or eosin. 

There was no change in the number of apoptotic cells at the bud stage, indicating that the 
downless phenotype is not caused by a change in cell death within the tooth germs. That there is no 
change m cell death agrees with the observation that loss of dl does not result in an enlargement or 
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loss of the enamel knot but rather a change in its shape. The death domain in dl may be involved in 
mediating more general protein-protein interactions. 

EXAMPLE 19 

5 Therapeutic Applications 

EDAl-n and dl/DL proteins (including variants, fragments, fiisions, and polymorphisms 
thereof) and nucleic acick encoding these proteins have several therapeutic applications. Proteins of 
the present disclosure include any native or recombinant EDA 1 -II and dl/DL protein purified from 
cells, and those synthesized chemically. Such therapies include, but are not limited to: stunulation of 

1 0 hair growth (freatment of baldness), inhibition of hair growth (freatment of hirsutism, see EXAMPLE 
20), stimulation of skin (particularly epidermal) healing, stimulation of tooth growth, inhibition of 
tooth growth, such as ectopic teeth, freatment of disorders of glands such as sweat and sebaceous 
glands, stimulation of sweat gland development, selective elimination of sweat glands for cosmetic 
reasons and freatment of ectodermal dysplasias. The therapies disclosed herein can be used alone or 

15 in combination, depending on the condition of the subject to be freated. 

Stimulation of growth in the hair follicles and epidermis {dl and DL are expressed in the hair 
matrix, the proliferating ceils of the follicle) would help to advance healing of the skin in cases of 
trauma or bums. Dev. Biol. 1988, 130:610-20. Outer root sheath cells of human hair follicle are able 
to regenerate a frilly differentiated epidermis in vitro. In pigs, sweat glands can re-epitheUalize 

20 damaged skin, thus their stimulation has therapeutic uses. J. Invest. Dermatol 1998, 1 10:13-9. 

In one embodiment, EDAl-Il and/or dl/DL is used to modulate hair growth, for example 
stimulate hair growth. In this embodiment, EDAl-II and/or d^DL protein is produced, such as a ftill- 
length protein, a fiision protein, a variant protein, or a fragment thereof, for example residues 133- 
391, 153-391 or 239-391 ofEDAl-IL Such proteins will retain hair growth promoting activity. Such 

25 activity can be tested as follows. The EDA 1 -II and/or dl/DL protein, for example a purified protein, 
is applied at concentrations ranging from 1 ng/ml to 1 g/ml, to the tails, bellies, and the area behind 
the ears of newborn tabby mice, wildtype mice and nude mice over a period of 6 weeks, and hair 
growth monitored. Various methods available for the appropriate delivery of the protein to hair 
follicles in himian skin can be performed, for example as described by Hoffinan (1998, J Drug 

30 Target; 5:67-74), Lieb et al (1997, J. Pharm. Set 86:1022), Laurer et al (1995, Pharm. Res. 12: 179- 
86), and lUel (1997, Crit. Rev. Ther. Drug Carrier Syst. 14:207-19). In another example, protein is 
applied to skin dissected from mouse embryos and the number of epidermal downgrowths monitored 
using anti-kerain 5 staining (Yan al. Science 290:523-7, 2000, herein incorporated by reference). 
Another example is topical daily application to a bald area of the himian scalp. An increase in hair 

35 growth when the protein is applied compared to the administtation of no protein, indicates the ability 
of the protein to stimulate hair growth. The increase in hair growth can be detected by hair density 
measurements which measure number of hairs per unit area. 
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In another embodiment, EDAl-II and/or dl/DL is used to modulate tooth growth, for 
example stimulate tooth growth in cases of tooth loss or of natural absence of teeth. In this 
embodiment, EDAl-II and/or dl/DL protein is produced, such as those described above. Such 
proteins will retain tooth-growth promoting activity. Such activity can be tested as follows. The 
5 EDAI-II and/or dl/DL protein, for example a purified protein, is applied at concentrations ranging 

from 1 ng/ml to 1 g/ml, to an in vitro tooth organ culture system, over a period of days or months (for 
example 1-7 days, or 1-3 months), and subsequent monitoring to determine whether developmental 
changes occur (which is not expected in the absence of a ftmctional protein). An increase in tooth 
growth development, for example the presence of teeth (or portions of teeth), or regrowth of teeth, 

1 0 indicates the ability of the protein to stimulate tooth growth. EDAl-II and/or dl/DL protein can be 
used to stimulate tooth growth in subjects directly, or in tissue culture (artificial) conditions, with 
subsequent introduction of teeth into himians or other organisms. 

In yet other embodiments, EDAl-II and/or dl/DL is used to modulate eccrine sweat gland 
development, for example to stimulate eccrine sweat gland development in individuals for whom the 

1 5 normal sweating mechanism is compromised by disease, traimia, bums or surgery. In this 

embodiment, EDAl-II and/or dl/DL protein is produced, such as those described above. Such 
proteins wiU retain eccrine sweat gland development promoting activity. Such activity can be tested 
as follows. The EDAl-II and/or dlDL protein, for example a purified protem, is applied or injected 
at concentrations ranging from 1 ng/ml to 1 g/ml, into the footpads of newborn Tabby or normal mice 

20 over a period of 6 weeks, with subsequent monitoring of sweat gland development. An increase in 

the nimiber of eccrine sweat glands when the EDAl-II and/or dl/DL protein is applied as compared to 
the administration of no protein, indicates the ability of the protein to stimulate eccrine sweat gland 
development. Particular examples would show an increase of at least 5%, 10%, 25% or more in the 
number of eccrine sweat glands. 

25 Also disclosed herein is a method of using EDAl-II and/or dl/DL to modulate epidermal 

growth, for example stimulate epidermal growth. In one embodiment such a method can be used to 
stimulate skin (particularly epidermal) healmg in cases of trauma or bums. Such activity can be 
tested as follows. The skm of a mouse wounded, and an EDAl-II and/or dl/DL protein, for 
example a purified protein, is applied topically, injected, or administered systemically at 

30 concentrations ranguig from 1 ng/ml to 1 g/ml, into the wovmd site over a period of time, for example 
6 weeks, for example using the method of Frank et al. (J. Clini. Invest. 106:501-9, 2000, herein 
incorporated by reference in its entirety), with subsequent monitoring of wound healing,. Two basic 
types of wounds can be created, for example, using the method of Wojcik et al. (Mol. Cell. Biol 
20:5248-55, 2000, herein incorporated by reference in its entirety). One is a "fiill thickness woimd" 

35 that involves removal of a punch of epidermis and dermis. The other is "depilation" which involves 
strippiQg off the epidermal layers (using adhesive tape) and leaving the dermis behind. Methods for 
evaluatuig rate of woimd healing include measuring the rates of re-epithehaUsation, wound closure, 
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local DNA synthesis and cell proliferation (for example using the method of Frank et al. {J. Clini. 
Invest. 106:501-9, 2000). 

Any assay disclosed herein can be modified by using in vivo expression of an EDAl-II 
and/or dl/DL gene (including antisense molecules), and variants thereof, instead of applying/mjectmg 
5 purified proteins, for example using the techniques of Hoffinan (1998, J Drug Target; 5:67-74) Li 
and Hoffinan (1995, Nat. Med. 1:705) or Majumder et al. {Mammalian Genome, 9:863-8, 1998). 
Hair growth, tooth growth, and/or eccrine sweat gland development is monitored following therapy 
as described above. 

In yet another embodiment, these assays can be modified by administration of antibodies 
1 0 which recognize EDAl -II and/or DL/dl, such as antibodies raised against the extracellular portion of 
DL/dl (residues 1-183). Such antibodies may fimction as agonists of DL/dl. These molecules, or any 
others that cause multimerization (such as dimerization or trimerization) of DL/dl proteins, may cause 
activation of the downstream pathway. Similarly, overexpression of DL/dl proteins can compensate 
for the absence of EDAl-II/Ta by causing spontaneous multimerization (e.g. trimerization) through 
1 5 crowding of receptors. Hair growth, tooth growth, and/or eccrine sweat gland development is 
monitored following therapy as described above. 

EXAMPLE 20 
Antagonists of EDAl-H and dl/DL 

20 Another therapeutic use for the disclosed EDA 1-11 and dl/DL proteins and nucleic acids is 

the development of EDAl -U and dl/DL antagonists. Antagonists of EDAl-II and dl/DL can be used 
to reduce hair growth, for example in the treatment of hirsutism, inhibit tooth development, such as 
ectopic teeth, to selectively eliminate sweat glands, for example on the upper lip or under the arm, 
and to inhibit breast epithelial cell proUferation, for example in the treatment of breast cancer. 

25 In one embodiment, a non-fimctional form of an EDAl-II ligand serves as a dl/DL 

antagonist. In other embodiments, antagonists are generated by producing C-terminaUy truncated 
dl/DL proteins. Based upon mutation analysis, deletion of residues 358-448 in DL or residues 332- 
448 in dl, may generate dominant negative phenotypes, such that these proteins bind to wild-type 
receptors and/or ligands, but do not activate downstream components of the signaling pathway. 

30 Therefore, such peptides expressed or applied therapeutically may abrogate signaling in vivo. In 

another embodiment, secreted forms of the dVDL extracellular domain (residues 1-183) may compete 
for available EDAl-II/Ta, and generate an apparent loss of signaling through DL/dl. 

Antagonists of EDAl-II protein fimction can be generated by producing antibodies that bind 
to the TNF-like domain. Additionally, the EDAl-II protein can be modified to generate homodimers 

35 that bind to the dWDL receptor without activating the receptor. Multimerization (e.g. trimerization) of 
the receptor, via multimerization (e.g. trimerization) of the ligand, is believed to activate the 
downstream pathway. 
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Screening of potential antagonists (and agonists) is facilitated by the knowledge that EDAl- 
Il/Ta ligands interact at the DL/dl receptor. A labeled ligand or receptor (such as a radioactively 
labeled ligand or receptor) can be used to probe compounds or peptides arranged in an array on a 
substrate. The array can be used as a probe to determine which of the compoimds or peptides 
5 hybridize to the labeled ligand or receptor. Such hybridized compounds or peptides can then be 
tested as described herein and in the mouse model for biological fimction. 

To test the abOity of the disclosed antagonists to reduce hair growth, the antagonist, which in 
one embodiment is the purified extracellular domain 1-183 of DL/dl (or nucleic acid encoding the 
antagonist), is administered to the tail and bellies of mice using the methods described above in 
10 EXAMPLE 19. Hair growth would be monitored following the therapy. A reduction in hair growth, 
as measured by hair density measurements, or by epidermal downgrowths, when the antagonist is 
applied compared to the administration of no antagonist, indicates the ability of the antagonist to 
reduce hair growth. In particular examples, antagonists that reduce hair density by 10% or more are 
selected. 

15 An zw yitro screenmg system can also be devised using a dl or DL cDNA to express the 

receptor on a cell surfece. A promoter is selected that switches on a marker gene (such as an 
antibiotic resistance gene), m which the promotor is directly controlled by dl or DL signalmg. When 
pools of compounds are added to the cells in culture, it can be determined which of the compounds 
activate the receptor, and therefore allow the cells to grow in the presence of an antibiotic that would 

20 otherwise kiU the cell. A similar strategy can be used to screen for antagonists, which will switch off 
expression of a gene that usually activated in the presence of the promoter. 

EXAMPLE 21 
Production of DNA and Protein Sequence Variants 

25 Disclosed herein are nucleotide sequences of several EDA 1 -II, dl, and DL cDNAs, and the 

corresponding amino acid sequences of EDAl-II, dl, and DL proteins encoded by these cDNAs. 
Distinctive fimctional characteristics of EDAl-II, dl Mid DL include, but are not limited to, their 
abiUty to modulate hair, tooth, and eccrine sweat gland development, for example stimulating or 
inhibiting hair, tooth and eccrine sweat gland development. These activities may readily be 

30 determined using the assays disclosed herein, for example those described in EXAMPLES 19 and 20. 
In some embodiments, an additional distinctive characteristic is the ability of EDAl-II/Ta to interact 
in vitro with DL/dl, using the assay described in EXAMPLE 16. In yet other embodiments, EDAl-II 
and DL have the distinct characteristic of being mutated in patients suffering from HED, as described 
in EXAMPLES 4 and 10. 

35 Having presented the nucleotide sequences of human EDAl-II, murine dl and human DL 

cDNAs, and the corresponding amino acid sequences, this disclosure facilitates the creation of DNA 
molecules, and thereby proteins, derived from those disclosed but which vary in their precise 
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nucleotide or amino acid sequence from those disclosed. Such variants can be obtained through 
standard molecular biology laboratory techniques and the sequence information disclosed herein. 

Particular guidance about the structure of the protems, and proposed variants, fragments, 
polymorphisms, and fusions that retain EDAl-II biological activity, are described herein (see 
5 EXAMPLES 2 and 1 1). In addition, specific mutations that decrease or even abohsh biological 

activity of the ligand and receptor in humans and mice are disclosed to provide additional evidence of 
mutations that should be avoided when making variant peptides that retain biological activity (see 
EXAMPLES 4 and 10). This example provides additional general teaching about techniques for 
preparing variant DNA sequences that encode these and other peptide sequences. 

1 0 EDAl-II, dl and DL variants, fragments, fusions, and polymorphisms wiU retain the ability 

to modulate hair, tooth, and eccrine sweat gland development, for example stimulating or inhibiting 
hair, tooth and/or eccrine sweat gland development. In particular embodiments, EDAl-II has at least 
153 amino acids, for example at least 175, 200, or 300 amino acids. In other embodiments, a dl or 
DL protein has at least 126 amino acids, for example at least 140, 175, or 300 amino acids. 

1 5 Variants and fragments of EDA l-II may retain at least 95%, 98%, or greater sequence 

identity to the EDAl-II amino acid sequences disclosed herein, and in particular embodiments at least 
this much identity to SEQ ID NO: 2. Variants and fragments of di and DL retam at least 70%, 80%, 
90%, 95%, 98%, or greater sequence identity to the dl and DL amino acid sequences disclosed herein, 
and in particular embodiments at least this much identity to SEQ ID NOS: 19 and 17, respectively. 

20 Variant and fragment sequences mauitain the ftmctional activity of the EDAl-II, dl and DL proteins 
as defined herein. Such activity can be readily determined usiag the assays disclosed herein. 

Variant DNA molecules include those created by standard DNA mutagenesis techniques, for 
example. Ml 3 primer mutagenesis. Details of these techniques are provided in Sambrook et ah (In: 
Molecular Cloning: A Laboratory Manual Cold Spring Harbor, New York, 1989, Ch. 15). By the 

25 use of such techniques, variants may be created which differ in minor ways from those disclosed. 

DNA molecules and nucleotide sequences which are derivatives of those specifically disclosed herein 
and which differ from those disclosed by the deletion, addition or substitution of nucleotides while 
stiU encoding a protein which possesses the functional characteristics of the EDAl-II, dl, and DL 
proteins, are comprehended by this disclosure. 

30 Also within the scope of this disclosure are small DNA molecules derived from the 

disclosed DNA molecules. Small DNA molecules include oligonucleotides for use as hybridization 
probes or PGR primers. Small DNA molecules will comprise at least a segment of a EDAl-II, dl or 
DL cDNA and, for PGR, will comprise at least a 20, 30, 40 or 50 contiguous nucleotides of EDAl-lI, 
dl or DL cDNAs (SEQ ID NOS: 1, 12, and 18, or their complementary strands). Longer nucleotide 

3 5 sequences provide greater specificity in hybridization or PGR applications than shorter sequences. 
Accordingly, superior results can be obtained using longer sfretches of consecutive nucleotides. 

DNA molecules and nucleotide sequences derived from disclosed DNA molecules described 
above can also be defined as DNA sequences which hybridize under stringent conditions to the DNA 



WDN/SLR:dm 6005-55924 12/04/00 EXPRESS MAIL LABEL NO. EL696106925US 

Date of Deposit: December 4, 2000 

-55- 

sequences disclosed, or fiagments thereof. Hybridi2ation conditions resulting in particiilar degrees of 
stringency vary depending upon the nature of the hybridization method and the composition and 
length of the hybridizing DNA used. Generally, the temperature of hybridization and the ionic 
strength (especially the Na^ concentration) of the hybridization buffer determines hybridization 
5 stringency. Calculations regarding hybridization conditions required for attaining particular amounts 
of stringency are discussed by Sambrook et al. (Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor, New York, 1989, Chapters 9 and 1 1), herein mcorporated by reference. By way of 
illustration, a hybridization experiment can be performed by hybridization of a DNA molecule (for 
example, a variant of a EDAl-II cDNA) to a target DNA molecule (for example, a EDAl-U cDNA) 

1 0 which h^ been electrophoresed in an agarose gel and transferred to a nitrocellulose membrane by 
Southern blotting (Southern, J. Mol. Biol. 98:503, 1975), a technique well known m the art. 

Specific hybridization refers to the binding, duplexing, or hybridizing of a molecule only or 
substantially only to a particular nucleotide sequence when that sequence is present in a complex 
mixture (e.g. total cellular DNA or RNA). Specific hybridization may also occur vmder conditions of 

1 5 varymg stringency. 

Hybridization with a target probe labeled with [^^P]-dCTP is generally carried out in a 
solution of high ionic strength such as 6xSSC at a temperature that is about 5-25°C below the melting 
temperature, T^. For Southern hybridization experiments where the target DNA molecule on the blot 
contains 10 ng of DNA or more, hybridization is typically carried out for 6-8 hours using 1-2 ng/ml 

20 radiolabeled probe (specific activity equal to 10^ CPM/^g or greater). Follovraig hybridization, the 
nitrocellulose filter is washed to remove background hybridization. Washing conditions should be as 
stringent as possible to remove background hybridization but retain a specific hybridization signal. 

The term Tm is the temperature (under defined ionic strength and pH) at which 50% of the 
target sequence remains hybridized to a perfectly matched probe or complementary strand. The T^ of 

25 such a hybrid molecule may be estimated from the following equation (Bolton and McCarthy, Proc. 
Natl. Acad. Set USA 48:1390, 1962): Tm= 81.5°C - \6.6i\ogio\^a*\) + 0.41(%GH-C) - 0.63(% 
formamide) - (600/1); where 1 = the length of the hybrid in base pairs. 

This equation is valid for concentrations of Na^ in the range of 0.01 M to 0.4 M, and it is 
less accurate for calculations of Tj^l in solutions of higher [Na^. The equation is also primarily valid 

30 for DNAs whose G+C content is in the range of 30% to 75%, and it applies to hybrids greater than 
100 nucleotides in length (the behavior of oligonucleotide probes is described in Sambrook et al. 
{Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1989, Ch. 1 1). 

Thus, by way of example, for a 150 base pair DNA probe derived from the open reading 
frame of a EDAl-U cDNA (with a hypothetical %GC = 45%), a calculation of hybridization 

35 conditions required to give particular stringencies may be made as follows. Assuming the filter is 

washed in 0.3 xSSC solution following hybridization; P<fa^ = 0.045 M; %GC = 45%; [formamide] = 
0; 1 = 150 base pairs; T„=81.5 - 16.6(logio[Na^) + (0.41 x 45) - (600/150); so T^ = 74.4°C. 



WDN/SLR dm 6005-55924 12/04/00 EXPRESS MAIL LABEL NO. EL696106925US 

Date of Deposit: December 4, 2000 

-56- 

The of double-stranded DNA decreases by 1-1.5°C with every 1% decrease in homology 
(Bonner et al, J. Mol. Biol. 81:123, 1973). Therefore, for this example, washmg the filter in 
0.3 xSSC at 59.4-64.4°C will produce a stringency of hybridization equivalent to 90%; that is, DNA 
molecules with more than 10% sequence variation relative to the target cDNA (for example a EDAl- 
n cDNA) will not hybridize. Alternatively, washing the hybridized filter in 0.3 xSSC at 65.4-68.4°C 
yielck a hybridization stringency of 94%; that is, DNA with more than 6% sequence variation relative 
to the target cDNA wiU not hybridize. The above example is given by way of theoretical illustration. 
One skilled in the art will appreciate that other hybridization techniques can be utilized and that 
variations m experimental conditions will necessitate alternative calculations for stringency. 

Examples of stringent conditions are those under which DNA molecules with more than 
25%, 15%, 10%, 6% or 2% sequence variation (also termed "mismatch") will not hybridize. Longer 
sequences hybridize specificaUy at higher temperatures. An example of stringent conditions is a salt 
concentration of at least about 0.0 1 to 1 .0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and 
a temperature of at least about 30°C for short probes (e.g. 10 to 50 nucleotides). Stringent conditions 
can also be achieved with the addition of destabilizmg agents such as formamide. For example, 
conditions of 5X SSPE (750 mM NaCl, 50 mM Na phosphate, 5 mM EDTA, pH 7.4) at 25-30°C are 
suitable for allele-specific probe hybridizations. 

A perfectly matched probe has a sequence perfectly complementary to a particular target 
sequence. The test probe is typically perfectly complementary to a portion (subsequence) of the 
target sequence. The term "mismatch probe" refers to probes whose sequence is deUberateiy selected 
not to be perfectly complementary to a particular target sequence. 

The degeneracy of the genetic code fiuther widens the scope of the present disclosure as it 
enables major variations in the nucleotide sequence of a DNA molecule while maintaimng the amino 
acid sequence of the encoded protein. For example, the second ammo acid residue of a DL protem is 
Ala, encoded m a £>L cDNA by the nucleotide codon triplet GCC. Because of the degeneracy of the 
genetic code, three other nucleotide codon triplets, GCG, OCT and GCA, also code for Ala. Thus, 
the nucleotide sequence of a Di cDNA could be changed at this position to any of these three codons 
without affecting the ammo acid composition of the encoded protein or the characteristics of the 
protein. Based upon the degeneracy of the genetic code, variant DNA molecules may be derived 
from the cDNA molecules disclosed herem using standard DNA mutagenesis techniques as described 
above, or by synthesis of DNA sequences. DNA sequences which do not hybridize under stringent 
conditions to the cDNA sequences disclosed by virtue of sequence variation based on the degeneracy 
of the genetic code are also comprehended by this disclosure. 

One skilled m the art will recognize that the DNA mutagenesis techniques described above 
may be used not only to produce variant DNA molecules, but also faciUtate the production of proteins 
which differ in certain structural aspects from a EDAl-II, dl and DL protein, yet which proteins are 
clearly derivative of these proteins and which maintain the essential functional characteristic of the 
protem as defined above. Newly derived proteins may also be selected in order to obtain variations 
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on the characteristic of the protein. Such derivatives include those with variations in ammo acid 
sequence including minor deletions, additions and substitutions. 

WhUe the site for introducing an amino acid sequence variation is predetermined, the 
mutation per se need not be predetermined. For example, to optimize the performance of a mutation 
5 at a given site, random mutagenesis can be conducted at the target codon or region and the expressed 
protein variants screened for optunal activity. Techniques for making substitution mutations at 
predetermined sites in DNA having a known sequence as described above are well known. 

Amino acid substitutions are typically of single residues; for example 1, 2, 3, 4, 5, 10 or 
more substitutions; insertions usually wUl be on the order of about from 1 to 10 amino acid residues; 

1 0 and deletions will range about from 1 to 30 residues. Substitutions, deletions, insertions or any 

combmation thereof may be combmed to arrive at a iinal construct. Obviously, the mutations that are 
made in the DNA encoding the protein must not place the sequence out of reading frame and will not 
create complementary regions that could produce secondary mKNA structure. 

The simplest modiScations involve the substitution of one or more amino acid residues (for 

1 5 example 2, 5 or 10 residues) for amino acid residues having similar biochemical properties. These 
so-called conservative substitutions are Ukely to have minimal impact on the activity of the resultant 
protein. Substitutional variants are those m which at least one residue in the amino acid sequence has 
been removed and a different residue inserted in its place. Such substitutions generally are 
conservative when it is desired to finely modulate the characteristics of the protein. Examples of 

20 amino acids which may be substituted for an original amino acid in a protein and which are regarded 
as conservative substitutions include: Ser for Ala; Lys for Arg; Gin or His for Asn; Glu for Asp; Ser 
for Cys; Asn for Ghi; Asp for Glu; Pro for Gly; Asn or Gin for His; Leu or Val for He; He or Val for 
Leu; Arg or Ghi for Lys; Leu or lie for Met; Met, Leu or Tyr for Phe; Thr for Ser; Ser for Thr; Tyr 
for Trp; Trp or Phe for Tyr; and lie or Leu for Val. 

25 Substantial changes in function or immunological identity are made by selecting 

substitutions that are less conservative than those listed above, i.e., selecting residues that differ more 
significantly in tiheir effect on maintaining (a) the structure of the polypeptide backbone in the area of 
the substitution, for example, as a sheet or hehcal conformation, (b) the charge or hydrophobicity of 
the molecule at the target site, or (c) the bulk of the side chain. The substitutions which in general are 

30 expected to produce the greatest changes in protein properties will be those in which (a) a hydrophilic 
residue, e.g., seryl or threonyl, is substituted for (or by) a hydrophobic residue, e.g., leucyl, isoleucyl, 
phenylalanyl, valyl or alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; 
(c) a residue having an electropositive side chain, e.g., lysyl, arginyl, or histadyl, is substituted for (or 
by) an electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side chain, 

35 e.g., phenylalanine, is substituted for (or by) one not having a side chain, e.g., glycine. 

Such variants can be readily selected for additional testing by performing an assay (such as 
those described in EXAMPLES 19 and 20) to determine if the variant increases or inhibits hair, tooth. 
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and eccrine sweat gland development/growth. The ability of variant EDAl-IFTa proteins to interact 
with DL/dl and vice versa can also be readily assayed as in EXAMPLE 16. 

EXAMPLE 22 

5 Recombinant Expression of Proteins 

With the provision of a human EDAl-II (SEQ ID NO: 1), a murine dl (SEQ ID NO: 12), and 
human DL (SEQ ID NO: 18) cDNAs and amino acid sequences (SEQ ID NOS: 2, 19 and 17, 
respectively), as well as variants, fragments and fiisions thereof, the expression and purification of the 
corresponding proteins by standard laboratory techniques is enabled. The purified protein may be 

10 used for functional analyses, antibody production, diagnosis, and patient therapy. Fiirthermore, DNA 
sequences of a EDAl-II, dl, and DL cDNA and mutant EDAl-II, dl and DL cDNAs, can be 
manipulated to understand the expression of the gene and fimction of its product. In this way, the 
underlying biochemical defect which results in the symptoms of HED can be established. Mutant 
versions of the cDNAs isolated to date, and others which can be isolated based upon information 

1 5 contamed herein, can be studied to detect other alterations in expression patterns in terms of relative 
quantities, tissue specificity and fimctional properties of the encoded mutant protein. 

Partial or fiill-length cDNA sequences, which encode for a protein, can be ligated into 
bacterial expression vectors. Methods for ejq)ressing large amounts of protein from a cloned gene 
introduced into Escherichia coli can be utilized for the purification, localization and functional 

20 analysis of proteins. For example, fusion proteins consisting of amino terminal peptides encoded by 
a portion of the E. coli lacZ or trpE gene linked to EDA-II, dl and/or DL proteins can be used to 
prepare polyclonal and monoclonal antibodies against these proteins. These antibodies can be used to 
purify proteins by immunoafBnity chromatography, in diagnostic assays to quantitate the levels of 
protein and to localize proteins in tissues and individual cells by immunofluorescence. 

25 Proteins can also be produced in E. coli in large amounts for functional studies. Methods 

and plasmid vectors for producing fusion proteins and intact native proteins (or variants or fragments 
thereof) in bacteria are described in Sambrook et al {Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor, New York, 1989, Ch. 17, herein incorporated by reference). Fusion proteins can 
be made in large amounts, are easy to purify, and can be used to ehcit antibody response. Proteins 

3 0 can also be produced in bacteria by placing a strong, regulated promoter and an efficient ribosome 
binding site upstream of the cloned gene. If low levels of protein are produced, additional steps can 
be taken to increase protein production; if high levels of protein are produced, purification is 
relatively easy. Suitable methods are presented in Sambrook et al {Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor, New York, 1989) and are well known in the art. Often, 

35 proteins expressed at high levels are foimd in insoluble inclusion bodies. Methods for extractuig 

proteins from these aggregates are described by Sambrook et al. {Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor, New York, 1989, Ch. 17). 
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Vector systems suitable for the expression of lacZ fiision genes include the pUR series of 
vectors (Ruther and Muller-Hill, 1983, EMBO J. 2: 1791), pEXl-3 (Stanley and Luzio, 1984, EMBO 
J. 3:1429) and pMRlOO (Gray et ai, 1982, Proc. Natl. Acad. Set USA 79:6598). Vectors suitable for 
the production of intact native proteins include pKC30 (Shimatake and Rosenberg, 198 1, Nature 
5 292: 128), pKK177-3 (Amann and Brosius, 1985, Gene 40: 183) and pET-3 (Studiar and Moflfatt, 
1986, J. Mol. Biol. 189:1 13). EDAl-II, dl, or DL fusion proteins can be isolated from protein gels, 
lyophilized, ground into a powder and used as an antigen. A DNA sequence can be transferred to 
other cloning vehicles, such as other plasmids, bacteriophages, cosmids, animal viruses and yeast 
artificial chromosomes (YACs) (Burke et al, 1987, Science 236:806-12). These vectors can be 

1 0 introduced into a variety of hosts mcluding somatic cells, and simple or complex organisms, such as 
bacteria, fimgi (Timberlake and Marshall, 1989, Science 244: 13 13-7), invertebrates, plants (Gasser 
and Fraley, 1989, Science 244:1293), and mammals (Pursel et al, 1989, Science 244:1281-8), which 
are rendered transgenic by the introduction of the heterologous EDA 1-11, dl, or DL cDNA. 

For expression in mammalian cells, the cDNA sequence can be ligated to heterologous 

1 5 promoters, such as the simian virus SV40, promoter in the pSV2 vector (Mulligan and Berg, 1981, 
Proc. Natl. Acad. Sci. USA 78:2072-6), and introduced into ceUs, such as monkey COS-1 cells 
(Gluzman, 1981, Cell 23:175-82), to achieve transient or long-term expression. The stable 
integration of the chimeric gene construct may be maintamed in mammalian cells by biochemical 
selection, such as neomycin (Southern and Berg, 1982, J. Mol. Appl. Genet 1:327-41) and 

20 mycophoenolic acid (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072-6). 

DNA sequences can be manipulated with standard procedures such as restriction enzyme 
digestion, fill-in with DNA polymerase, deletion by exonuclease, extension by terminal 
deoxynucleotide transferase, ligation of synthetic or cloned DNA sequences, site-directed sequence- 
alteration via single-stranded bacteriophage intermediate or with the use of specific oligonucleotides 

25 in combination with PCR. 

The cDNA sequence (or portions derived from it) or a mini gene (a cDNA with or without 
an intron and a promoter) may be introduced into eukaryotic expression vectors by conventional 
techniques. These vectors are designed to permit the transcription of the cDNA in eukaryotic cells by 
providing regulatory sequences that initiate and enhance the transcription of the cDNA and ensure its 

30 proper splicing and polyadenylation. Vectors containing the promoter and enhancer regions of SV40 
or long terminal repeat (LTR) of Rous Sarcoma virus (RSV) and polyadenylation and splicing signal 
from SV40 are readily available (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072-6; 
Gorman et al., 1982, Proc. Natl. Acad Sci USA 78:6777-81). The level of expression of the cDNA 
can be manipulated with this type of vector, either by using promoters that have different activities 

35 (for example, the baculovirus pAC373 can express cDNAs at high levels in S. frugiperda cells 

(Summers and Smith, 1985, Genetically Altered Viruses and the Environment, Fields et al. (Eds.) 
22:319-28, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York.) or by using 
vectors that contain promoters amenable to modulation, for example, the glucocorticoid-responsive 
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promoter from the mouse mammary tumor virus (Lee et al, 1982, Nature 294:228). Expression of 
the cDNA can be monitored in the recipient cells 24 to 72 hours after introduction (transient 
expression). 

Some vectors contain selectable markers such as gpt (Mulligan and Berg, 1981, Proc. Natl. 
5 Acad Sci. USA 78:2072-6) or neo (Southern and Berg, 1982, J. Mol. AppL Genet. 1:327-41) bacterial 
genes. These selectable markers permit selection of transfected cells that exhibit stable, long-term 
expression of the vector (and therefore the cDNA). Vectors can be maintained in the cells as 
episomal, freely replicating entities by using regulatory elements of viruses such as papilloma (Sarver 
etal., 1981, Mj/. Cell Biol 1:486) orEpstein-Barr(Sugdene/a/., 1985,M>/. CellBiol 5:410). 

1 0 Alternatively, cell Unes that have integrated the vector into genomic DNA can be produced. Both 

types of cell lines continually produce the gene product. Cell lines that have amplified the number of 
copies of the vector (and therefore the cDNA as well) can be produced to create cell lines that 
produce high levels of the gene product (Alt et al, 1978, J. Biol Chem. 253:1357). 

The transfer of DNA into eukaryotic, such as human or other mammalian cells, is a 

15 conventional technique. The vectors are introduced into the recipient cells as pure DNA 

(transfection) by, for example, precipitation with calcium phosphate (Graham and vander Eb, 1973, 
Virology 52:466) sfrontium phosphate (Brash et al, 1987, Mol CellBiol 7:2013), electroporation 
(Neumann et al., 1982, EMBO J. 1:841), lipofection (Feigner et al., 1987, Proc. Natl. Acad Sci USA 
84:7413), DEAE dextrmi (McCuthan etal., 1968, J. Natl. Cancer Inst. 41:351), microinjection 

20 (MueUer et al., 1978, Cell 15:579), protoplast fusion (Schafher, 1980, Proc. Natl Acad Sci. USA 
77:2163-7), or pellet guns (Klein et al, 1987, Nature 327:70). Alternatively, the cDNA can be 
infroduced by infection with virus vectors, for example retroviruses (Bernstein et al., 1985, Gen. 
Engrg. 7:235) such as adenoviruses (Ahmad et al, 1986, J. Virol 57:267) or Herpes (Spaete et al, 
1982, Ce// 30:295). 

25 These eukaryotic expression systems can be used for studies of the EDAl-II, dl and DL 

genes, and mutant forms of these genes, the encoded protein and mutant forms of these proteins. 
Such uses include, for example, the identification of regulatory elements located in the 5' region of 
the EDAl-II, dl or DL gene on genomic clones that can be isolated from genomic DNA libraries 
using the information contained herein. Eukaryotic expression systems can be used to study the 

30 fimction of the normal protein, portions of the protein, or naturally occurring or artificially produced 
mutant proteins. Naturally occurring mutant proteins exist in patients with HED, while artificially 
produced mutant proteins can be designed using site directed mutagenesis, for example to determine 
the function of any amino acid in the protein by mutating the nucleotide coding for that amino acid. 
Using the above techniques, expression vectors containing the EDAl-II, dl or DL gene, or 

35 cDNA sequence or fragments, variants, fusions, or mutants thereof, can be introduced mto any cell, 
including mammahan or non-matomahan cell. The choice of cell is determined by the purpose of the 
treatment. For example, monkey COS cells (Gluzman, 1981, Cell 23:175-82) that produce high 
levels of the SV40 T antigen and permit the replication of vectors containing the SV40 origin of 
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replication. Chinese hamster ovary (CHO), mouse NTH 3T3 fibroblasts or human fibroblasts or 
lymphoblasts can be used. 

One method to express EDAl-II, dl and DL polypeptides from cloned cDNA sequences in 
mammalian cells is to use the cloning vector pXTI (Stratagene). This vector contains LTRs and a 
5 portion ofgag from Moloney Murine Leukenua Virus (MMLV). The position of viral LTRs allows 
highly eflHcient, stable ttansfection of the region within the LTRs. The vector also contains the 
Herpes Simplex Thymidine Kinase promoter (TK) and a selectable neo gene conferring G418 
resistance. Two imique restriction sites, Bglll and Xhol, are directly downstream from the TK 
promoter. EDAl-II, dl or DL cDNA, iacluding the entire open reading frame for a EDAl-II, dl or DL 

10 protein and the 3' untranslated region of the cDNA is cloned into one of the two unique restriction 
sites downstream from the promoter. 

The ligated product is ttansfected into mouse NIH 3T3 cells using Lipofectin (Life 
Technologies, Inc.) according to the manufacturer's instructions. Positive transfectants are selected 
after growing the transfected cells in 600 jig/ml G418 (Sigma, St. Louis, MO). The protein is 

1 5 released into the supernatant and may be purified by standard immunoafBnity chromatography 
techniques using antibodies raised against the EDAl-II, dl or DL protein (see EXAMPLE 23). 

Expression of the protein in eukaryotic cells can be used as a source of proteins to raise 
antibodies. The EDAl-II, dl or DL protein is extracted foUowing release of the protein into the 
supernatant or, the cDNA sequence can be incorporated into a eukaryotic expression vector and 

20 expressed as a chimeric protein with, for example, P-globin or glutathione S-fransferase (GST). 

Antibody to P-globin is xised to purify the chimeric protein. Corresponding protease cleavage sites 
engineered between the P-globin gene and the cDNA are used to separate the two polypeptide 
fragments from one another after translation. One iisefiil expression vector for generating p-globin 
chimeric proteins is pSG5 (Stratagene). 

25 The recombinant vector then contains the selected DNA of the DNA sequences disclosed 

herein for expression in a suitable host. The DNA is operatively linked in the vector to an expression 
control sequence in the recombinant DNA molecule so that the EDAl-II, dl or DL polypeptide is 
expressed. The expression confrol sequence can be selected from the group consisting of sequences 
that confrol the expression of genes of prokaryotic or eukaryotic cells and their viruses and 

30 combinations thereof, such as the lac system, the trp system, the tac system, the trc system, major 
operator and promoter regions of phage lambda, the control region of fd coat protein, the early and 
late promoters of SV40, promoters derived from polyoma, adenovirus, refrovirus, baculovirus and 
simian virus, the promoter for 3 -phosphogly cerate kinase, the promoters of yeast acid phosphatase, 
the promoter of the yeast alpha-mating factors and combinations thereof. 

3 5 The host cell, which may be ttansfected with the vector disclosed herein, may be selected 

from the group consisting of: E. coli, Pseudomonas, B. subtilis, B. stearothermophilus or other 
baciUi; other bacteria; yeast; ftmgi; plant; insect; mouse or other animal; or human tissue cells. 
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It is appreciated that for mutant or variant EDAl-II, dl or DL DNA sequences, similar 
systems can be employed to express and produce the mutant or variant product. 



EXAMPLE 23 

5 Production and Use of Antibodies 

Production of Antibodies 

Monoclonal and/or polyclonal antibodies can be produced to any EDA 1 -II, dl or DL 
proteins, herein disclosed, including variants, fragments, fusions, and mutant forms thereof. 
Optimally, antibodies raised against the protein wUl specifically detect the protein. That is, 

1 0 antibodies raised against the protein (e.g. EDAl -II, dl or DL) recognize and bind the protein and but 
not substantially recogni2B or bind to other proteins found in human (or mouse) cells. The 
determination that an antibody specifically detects an EDAl-II, dl or DL protein is made using any 
standard immunoassay methods; for instance. Western blotting (Sambrook et al., 1989, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York). 

15 To determine that an antibody preparation (such as one produced in a mouse against an 

EDAl-II, dl or DL protein) specifically detects an EDAl-II, dl or DL protein by Western blotting, 
total cellular protein is extracted from human cells (for example, lymphocytes) and electrophoresed 
on a sodium dodecyl sulfate-polyacrylamide gel. The proteins are transferred to a membrane (for 
example, nitrocelMose) and the antibody preparation incubated with the membrane. After washing 

20 the membrane to remove non-specifically bound antibodies, the presence of specifically boimd 
antibodies is detected by using an anti-mouse antibody conjugated to an enzyme such as alkaline 
phosphatase; application of substrate 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium 
results in the production of a dense blue compoimd by immuno-localized alkaline phosphatase. 

Antibodies which specifically detect the protein will, by this technique, be shown to bind to 

25 the protein band (e.g. the EDAl-II protein band, which localizes at a given position on the gel 

determined by its molecular weight and phosphorylation). Non-specific binding of the antibody to 
other proteins may occur and may be detectable as a weak signal on the Western blot. The non- 
specific nature of this binding is recognized by one skilled in the art by the weak signal obtained on 
the Western blot relative to the strong primary signal arising from the specific antibody-EDAl-II 

30 protein binding. 

Substantially pure EDAl-II, dl and DL proteins suitable for use as an immimogen is isolated 
as herein described, for example at least 50% pure, for example at least 75% pure. Concentration of 
protein in the final preparation is adjusted, for example, by concentration on an Amicon filter device, 
to the level of a few fig/ml. Monoclonal or polyclonal antibody to the protein can then be prepared. 

35 

Monoclonal Antibody Production by Hybridoma Fusion 

Monoclonal antibody to epitopes of a EDAl-n, dl or DL protein can be identified, isolated 
and prepared from murine hybridomas using the method of Kohler and MUstein {Nature 256:495, 
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1975) or derivative thereof. Briefly, a mouse is repetitively inoculated with a few jig of the selected 
protein over a period of a few weeks. The mouse is sacrificed and antibody-producing cells of the 
spleen isolated. The spleen cells are fused using polyethylene glycol with mouse myeloma cells, and 
the excess unfused cells destroyed by growth of the system on selective media comprising 
5 amiaopterin (HAT media). The fused cells are diluted and aliquots of the dilution placed in weUs of 
a microtiter plate where growth of the culture is continued. Antibody-producing clones are identified 
by detection of antibody in the supernatant fluid of the wells by immimoassay procedures, such as 
ELISA, as described by Engvall (Enzymol. 70:419, 1980), and similar methods. Selected positive 
clones can be expanded and their monoclonal antibody product harvested for Detailed 
1 0 procedures for monoclonal antibody production are described in Harlow and Lane {Antibodies: A 
Laboratory Manual. 1988, Cold Spring Hffl'bor Laboratory, New York). In addition, protocols for 
producing humanized forms of monoclonal antibodies (for therapeutic applications) and fragments of 
monoclonal antibodies are known in the art. 

Polyclonal Antibody Production by Immunization 

Polyclonal antiserum containing antibodies to heterogeneous epitopes of a single protein can 
be prepared by immimizing suitable animals with the expressed protein (EXAMPLE 22), which can 
be unmodified or modified to enhance immunogenicity. Effective polyclonal antibody production is 
affected by many factoid related both to the antigen and the host species. For example, small 
molecules tend to be less immunogenic than others and may require the use of carriers and adjuvant. 
Also, host animals vary in response to site of inoculations and dose, with both inadequate or 
excessive doses of antigen resulting in low titer antisera. Small doses (ng level) of antigen 
administered at multiple intradermal sites appears to be most reliable. An effective inmiimization 
protocol for rabbits can be found in Vaitukaitis et al. (J. Clin. Endocrinol. Metab. 33:988-91, 1971). 

Booster mjections can be given at regular intervals, aad antiserum harvested when antibody 
titer thereof as determined semi-quantitatively, for example, by double immimodifEiision in agar 
against known concentrations of the antigen, begins to fall. See, for example, Ouchterlony et al. (In: 
Handbook of Experimental Immunology, Wier,D. (e±). Chapter 19. Blackwell. 1973). Plateau 
concentration of antibody is usually in the range of 0.1 to 0.2 mg/ml of serum (about 12 (xM). 
AfBnity of the antisera for the antigen is determined by preparing competitive binding curves, as 
described, for example, by Fisher (Manual of Clinical Immunology, Chapter 42. 1980). 

Antibodies Raised against Synthetic Peptides 

Another approach to raising antibodies against the EDA 1 -11, dl or DL protein is to use 
35 synthetic peptides synthesized on a commercially available peptide synthesizer based upon amino 
acid sequences of a EDAl-II, dl or DL protein, for example SEQ ID NOS: 2, 19, and 17, 
respectively. The chemical synthesis described in EXAMPLE 28 for example can be used to 
generate synthetic EDAl-II, dl and DL proteins. 
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Antibodies Raised by Injection ofEDAl-II, dl or DL cDNA 

Antibodies can be raised against the EDAl-II, dl or DL protein by subcutaneous injection of 
a DNA vector expressing an EDA 1 -II, dl or DL protein into an animal, such as mice. Delivery of the 
5 recombinant vector into the animal can be achieved using a hand-held form of the BioUstic system 
(Sanford et al.. Particulate Sci. Technol. 5:27-37, 1987) described by Tang et al. {Nature 356:152-4, 
1992). Expression vectors include recombmant vectors expressing EDAl-II, dl or DL cDNA under 
transcriptional control of the human P-actin promoter or cytomegalovirus (CMV) promoter. 

Antibody preparations prepared according to these protocols are useful in quantitative 
1 0 immimoassays to determine concentrations of antigen-bearing substances in samples; or semi- 
quantitatively or qualitatively to identify the presence of antigen in a sample. 

Labeled Antibodies 

Antibodies disclosed herein can be conjugated with a label for their direct detection (see 
Chapter 9, Harlow and Lane, Antibodies: A Laboratory Manual. 1 988). The label, which can 
include, but is not limited to, a radiolabel, enzjTne, fluorescent probe, or biotin, is chosen based on 
the method of detection available to the user. 

Antibodies can be radiolabeled with iodine C^^T), which yields low-energy gamma and X- 
ray radiation. Briefly, 10 jig of protein in 25 ]x\ of 0.5 M sodixmi phosphate (pH 7.50 is placed in a 
1.5 ml conical tube. To this, 500 jtC of Na'^^L aad 25 (il of 2 mg/ml chloramine T is added and 
incubated for 60 seconds at room temperature. To stop the reaction, 50 nl of chloramine T stop 
buffer is added (2.4 mg/ml sodium metabisulfite, 10 mg/ml tyrosine, 10% glycerol, 0.1% xylene 
cyanol m PBS). The iodinated antibody is separated from the iodotyrosme on a gel filtration column. 
Antibodies disclosed herein can also be labeled with biotin, with enzymes such as alkaline 
phosphatase (AP) or horseradish peroxidase (HRP) or with fluorescent dyes. The method of 
producing these conjugates is determined by the reactive group on the label added. 

Therapeutic Uses for Antibodies 

Antibodies can be used as agonists or antagonists of the dl/DL. Assays to determine 
30 whether an antibody functions as an agonist or antagonist of the dl/DL receptor are described in 

Examples 19 and 20. Antibodies which recognize an EDAl-II ligand, may prevent EDAl-II from 
biadiag to the DL receptor. Such antibodies are antagonists of the DL receptor, which can be used to 
reduce hair follicle, tooth, epithelial cell proliferation, and/or sweat gland growth. 

Alternatively, antibodies which recognize the dl or DL receptor may function as agonists of 
35 the receptor. These antibodies may cause a multimerization or crosslinking of the receptors, which in 
turn may activate the downstream pathway. Such antibodies can be used to stimulate the 
growth/development of hair foUicles, teeth, epithelial cells and/or sweat glands. 
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EXAMPLE 24 

Use of EDAl-n, dl and DL Nucleotide Sequences for Diagnosis 

One application of the EDAl-II, dl and DL cDNA sequence infomation presented herein is 
in the area of genetic testing, carrier detection and prenatal diagnosis for HED, in both its autosomal 
5 and X-linked forms. Individuals carrying mutations in an EDAl-II, dl or DL gene (disease carrier or 
patients) can be detected at the DNA level using a variety of techniques. For such a diagnostic 
procedure, a sample containing DNA or RNA derived from the subject, is assayed for the presence of 
a mutant EDAl-II, DL or dl gene. Suitable samples include genomic DNA or RNA obtained from 
ceUs, such as those present in peripheral blood, urine, saliva, tissue biopsy, surgical specimen, fine 

1 0 needle aspirate specimen, amniocentesis samples and autopsy material. Mutations ia an EDAl-II, dl 
or DL gene can be detected using SSCP (see EXAMPLES 6 and 10). Detection of a mutant EDAl-II, 
dl or DL gene or RNA can also be performed by other methods known in the art as described below. 

In one embodiment, the detection technique utilizes the polymerase chain reaction 
amplification of reverse transcribed RNA (RT-PCR) of RNA isolated from cells, such as 

1 5 lymphocytes, followed by direct DNA sequence determination of the products. The presence of one 
or more nucleotide differences between the obtained sequence and a EDAl-U, dl or DL cDNA 
sequence presented herein, such as differences in the ORF portion of the nucleotide sequence, are 
indicative of a potential EDAl-II, dl or DL gene mutation. The phenotypes of subjects in whom the 
mutation is detected can be noted, and the same mutations in other subjects may predict a similar 

20 phenotype. If the cells (or the subject from whom the sample is taken) are normal, observed 

nucleotide differences are regarded as neutral, and die subject is not classified as a carrier or sufferer 
on the basis of this nucleotide difference. On the other hand, if the altered cDNA reveals an 
abnormal result in the assay, the nucleotide difference is regarded as a mutation rather than a neutral 
difference, the proteiu is an aberrant (or mutant) EDAl-II dl or DL gene product, and the subject is 

25 classified as a sufferer or carrier. 

Because of the diploid nature of the human genome, both copies of the EDAl-II, dl or DL 
gene may need to be examined to distinguish between carriers and sufferers. In females, if a single 
copy of the EDAl-U, dl or DL gene is mutated and the other copy is normal, the subject is classified 
as an XLHED carrier or heterozygote. In females, if both copies of the EDAl-U, dl or DL gene are 

30 mutated, the subject is classified as a sufferer. In males, only a single copy of the EDAl and dl/DL 
gene exists, hence if it is mutated, the individual is a sufferer. 

In another embodiment, DNA extracted from lymphocytes or other cells is used directly for 
amplification. Direct amplification from genomic DNA is appropriate for aaalysis of the entire 
EDAl-II wd/or dl/DL gene including regulatory sequences located upstream and downstream from 

35 the open reading frame. Reviews of direct DNA diagnosis have been presented by Caskey (Science 
236:1223-8, 1989) and by Landegren et al {Science 242:229-37, 1989). 

Further studies of EDAl-II and/or dl/DL genes isolated from HED patients may reveal 
particular mutations which occur at a high frequency within this population of individuals. In this 
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case, rather than sequencing the entire EDAl -II and/oi dl/DL gene, DNA diagnostic methods can be 
designed to detect the most common mutations, deletions, or variants, for example those described in 
EXAMPLES 6 and IL 

The detection of specific DNA mutations can be achieved by hybridization with specific 
5 oligonucleotides (Wallace et al, 1986, Cold Spring Harbor Symp. Quant. Biol. 51:257-61), direct 
DNA sequencing (Church and Gilbert, 1984, Proc. Natl. Acad. Sci. USA. 81:1991-5), restriction 
en2ymes (Flavell et al, 1978, Cell 15:25; Geever et al, 1981, Proc. Natl. Acad Sci USA 78:5081), 
discrimination on the basis of electrophoretic mobility in gels with denaturing reagent (Myers and 
Maniatis, 1986, Cold Spring Harbor Symp. Quant. Biol. 51:275-84), RNase protection (Myers et al., 

10 1985, Science 230: 1242), chemical cleavage (Cotton et al., 1985, Proc. Natl. Acad Sci. USA 
85:4397-401), and ligase-mediated detection (Landegren et al., 1988, Science 241:1077). 

Oligonucleotides specific to normal or mutant sequences can be chemically synthesized 
using commercially available machines, labeled radioactively with isotopes (such as ^^P) or non- 
radioactively with tags such as biotin (Ward and Langer, Proc. Natl. Acad Sci. USA 78:6633-57, 

1 5 1981), and hybridized to individual DNA samples immobilized on membranes or other solid supports 
by dot-blot or transfer firom gels after electrophoresis. The presence or absence of specific sequences 
are visualized by methods such as autoradiography or fluorometric (Landegren, et al., 1989, Science 
242:229-37) or colorimetric reactions (Gebeyehu al., 1987, Nucleic Acids Res. 15:4513-34). 

Sequence differences between normal, variant, polymorphic, and mutant forms of EDAl -II 

20 and dl/DL genes can be revealed by direct DNA sequencing (Church and Gilbert, 1988, Proc. Natl. 
Acad Sci. USA 81:1991-5). Cloned DNA segments can be used as probes to detect specific DNA 
segments. The sensitivity of this method is greatly enhanced when combined with PCR (Wrichnik et 
al., 1987, Nucleic Acids Res. 15:529-42; Wong et al, 1987, Nature 330:384-6; Stoflet et al., 1988, 
Science 239:491-4). In this approach, a sequencing primer which lies within the amplified sequence 

25 is used with double-stranded PCR product or single-stranded template generated by a modified PCR. 
The sequence determination is performed by conventional procedures with radiolabeled nucleotides 
or by automatic sequencing procedures with fluorescent tags. The absence of hybridization indicates 
a mutation in a particular region of the gene, or a deleted gene. 

Sequence alterations may generate fortuitous or eliminate existing restriction enzyme 

3 0 recognition sites. Changes in restriction sites are revealed by using appropriate enzyme digestion 
followed by conventional gel-blot hybridization (Southern, 1975, J. Mol. Biol. 98:503). DNA 
fragments carrying the site (either normal or mutant) are detected by their reduction in size or 
increase of corresponding restriction fragment numbers. Genomic DNA samples may also be 
amplified by PCR prior to treatment with the appropriate restriction enzyme; fragments of different 

3 5 sizes are then visualized under UV light in the presence of ethidium bromide after gel electrophoresis. 
Genetic testing based on DNA sequence can be achieved by detection of alteration in 
electrophoretic mobility of DNA fragments in gels with or without denaturing reagent. Small 
sequence deletions and insertions can be visualized by high-resolution gel electrophoresis. For 
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example, a PGR product with small deletions is clearly distinguishable from a normal sequence on an 
8% non-denaturing polyacrylamide gel (WO 91/10734; Nagamine et al, 1989, Am. J. Hum. Genet. 
45:337-9). DNA fragments of different sequence compositions may be distinguished on denaturing 
formamide gradient gels in which the mobilities of different DNA fragments are retarded in the gel at 
5 different positions according to their specific partial-melting temperatures (Myers et al., 1985, 
Science 230: 1242). Alternatively, a method of detecting a mutation comprising a single base 
substitution or other small change can be based on differential primer length in a PGR. For example, 
an invariant primer can be used m addition to a primer specific for a mutation. The PGR products of 
the normal and mutant genes are differentially detected in acrylamide gels. 

10 In addition to conventional gel-electrophoresis and blot-hybridization methods, DNA 

fragments can be visualized by methods where individual DNA samples are not immobilized on 
membranes. The probe and target sequences may be both in solution, or the probe sequence can be 
immobilized (Saiki et al, 1989, Proc. Nat. Acad. Sci. USA 86:6230-4). A variety of detection 
methods, such as autoradiography involving radioisotopes, direct detection of radioactive decay (in 

1 5 the presence or absence of scintillant), spectrophotometry involving calorigenic reactions and 

fluorometry involved fluorogenic reactions, can be used to identify specific individual genotypes. 

If more than one mutation is frequently encoimtered in EDAl-II and/or DL/dl genes, a 
system capable of detecting such multiple mutations can be used. For example, a PGR with multiple, 
specific oligonucleotide primers and hybridization probes can be used to identify all possible 

20 mutations at the same time (Ghamberlain et al., 1988, Nucl. Acids Res. 16: 1 141-55). The procedure 
can involve immobilized sequence-specific oligonucleotides probes (Saiki et ah, 1989, Proc. Nat 
Acad Sci. USA 86:6230-4). 

A method suitable for detecting the presence of EDA-II and/or dl/DL genes disclosed herein 
is the use of high density oligonucleotide arrays (also known as "DNA chips") as described by Hacia 

25 etal. (Nat Genet. 14:441-7, 1996). 

The diagnostic assays disclosed herein may be assembled in the form of a diagnostic kit and 
may include, for example: hybridization with oligonucleotides; PGR amplification of the gene or a 
part thereof using oUgonucleotide primers; RT-PCR amplification of the RNA or a part thereof using 
oMgonucleotide primers; or direct sequencing of an^D^Z-Z/and/or dl/DL gene of the subject's 

30 genome using oligonucleotide primers. The efficiency of these molecular genetic methods should 
permit a rapid classification of patients affected by mutations, deletions or variants of an EDAl-II 
and/or dl/DL gene. 



EXAMPLE 25 

35 Two Step Assay to Detect the Presence of EDAl-II and/or dl/DL Gene in a Sample 

This example describes a method that can be used to determine if an EDAl-II sad/or DL/dl 
gene is present in a sample, such as a sample obtained from a subject. A sample from a subject is 
processed using the method of Antonarakis et al. (New Eng. J. Med. 3 13:842-8, 1985), separated 
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through a 1% agarose gel and transferred to a nylon membrane for Southern analysis. Membranes 
are UV cross linked at 150 mJ using a GS Gene Linker (Bio-Rad). An EDAl-II or dl/DL probe (for 
example, SEQ ID NOS: 1 and 16, respectively) is subcloned into pTZlSU. The phagemick are 
transformed into E. coli MV 1 190 infected with M13K07 helper phage (Bio-Rad, Richmond, CA). 
5 Single-stranded DNA is isolated according to standard procediires (Sambrook, et al. Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor, New York, 1989). 

Blots are prehybridized for 15-30 minutes at 65°C in 7% sodium dodecyi sulfate (SDS) in 
0.5 MNaP04. The methods foUow those described by Nguyen etal. {BioTechniques 13:116-23, 
1992). The blots are hybridized overnight at 65°C in 7% SDS, 0.5 M NaP04 with 25-50 ng/ml single 

10 stranded probe DNA. Post-hybridization washes consist of two 30 minute washes in 5% SDS, 40 
mM NaP04 at 65°C, followed by two 30-minute washes ia 1% SDS, 40 mM NaP04 at 65°C. 

The blots are subsequently rinsed with phosphate buffered saline (pH 6.8) for five minutes at 
RT and incubated with 0.2% casein in PBS for iive minutes. The blots are then preincubated for 5-10 
minutes in a shaking water bath at 45°C with hybridization buffer consisting of 6 M urea, 0.3 M 

1 5 NaCl, and 5X Denhardt' s solution (see Sambrook et al , Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor, New York, 1989). The buffer is removed and replaced with 50-75 jil/cm^ fresh 
hybridization buffer plus 2.5 nM of the covalently cross-linked oligonucleotide sequence 
complementary to the universal primer site (UP-AP, Bio-Rad). The blots are hybridized for 20-30 
minutes at 45 °C and post hybridization washes are incubated at 45 °C as two 10 minute washes in 6 

20 M urea, IX standard saline citrate (SSC), 0.1% SDS and one 10 minute wash in IXSSC, 0.1% 
TritonTMX-100. The blots are rinsed for 10 minutes at RT with IXSSC. 

Blots are incubated for 10 minutes at RT with shaking in the substrate buffer consisting of 
0.1 M diethanolamine, 1 mM MgCl2, 0.02% sodium azide, pH 10.0. Individual blots are placed in 
heat scalable bags with substrate buffer and 0.2 mM AMPPD (3-(2'-spiroadamantane)-4-methoxy-4- 

25 (3'-phosphoryloxy)phenyl-l,2-dioxetane, disodium salt, Bio-Rad). After a 20 miuute incubation at 
RT with shaldng, excess AMPPD solution is removed. The blot is exposed to X-ray film overnight. 
Positive bands indicate the presence of the EDA 1 -II or dl/DL gene. Samples in which no hybridizing 
bands are observed lack the EDAl-IIox dl/DL gene, indicating the possibility of disease such as 
HED, or an enhanced susceptibility to developing a disease such as HED in the fiiture. 

30 

EXAMPLE 26 
Quantitation of Proteins 

An alternative or supplemental method of diagnosing HED suffer ers/carriers is to quantitate 
the level of EDA 1 -II and/or dl/DL protein in the cells of a subject in which expression of the protein is 
35 expected. This diagnostic tool is usefiil for detecting reduced levels of EDAl-II and/or dl/DL protein 
resulting from, for example, mutations in promoter regions of an EDAl-II and/or dllDL gene, or 
mutations within the coding region of the gene which produce non-functional polypeptides, such as 
truncated protems. These diagnostic methods, in addition to those described in EXAMPLES 24-25, 
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provide an enhanced abiMty to diagnose susceptibility to diseases caused by mutation or deletion of 
these genes, such as HED. 

The availability of antibodies specific to EDA 1 -II or dl/DL protein (for example those 
described in EXAMPLE 23) facilitate quantitation of cellular EDAl-II and/or dl/DL protein using 
5 any immunoassay method known m the art (Harlow and Lane, Antibodies: A Laboratory Manual. 
1988). Such assays permit detection of EDAl-II and/or dl/DL protein iu a biologicai sample and 
quantitation of such proteins. Typical methods involve combiiung the sample with an EDAl-II 
and/or dl/DL specific binding agent, such as an anti-EDAl-II, dl or DL antibody, so that complexes 
form between the binding agent and the EDAl-II and/or dWDL protein present in the sample, and 

1 0 then detecting or quantitating such complexes. 

These assays can be performed with the EDAl-II and/or dl/DL specific binding agent 
immobilized on a support surface, such as in the wells of a microtiter plate or on a column. The 
sample is tben introduced onto the support surface and allowed to interact with the specific bittding 
agent so as to form complexes. Excess sample is removed by washiag, and the complexes are 

1 5 detected with a reagent, such as a second anti-EDAl-II, dl or DL protein antibody that is conjugated 
with a detectable marker. 

In another embodiment, the cellular proteins are isolated and subjected to SDS-PAGE 
followed by Western blotting. After resolving the proteins, the proteins are transferred to a 
membrane, which is probed with specific binding agents that recognize EDAl-II and/or DL/dl. The 

20 proteins are detected, for example with HRP-conjugated secondary antibodies, and quantitated. 

In yet another assay, the level of EDAl-II and/or dl/DL protein in cells is analyzed using 
microscopy. Using specific binding agents which recognize EDAl-II and/or dl/DL samples can be 
analyzed for the presence of EDAl-II, dl or DL proteins. For example, frozen biopsied tissue 
sections are thawed at RT and fixed with acetone at -200°C for five minutes. Slides are washed twice 

25 in cold PBS for five minutes each, then air-dried. Sections are covered with 20-30 ^1 of antibody 

solution (15-45 |ag/ml) (dUuted m PBS, 2% BSA at 15-50 ng/ml) and incubated at RT in a humidified 
chamber for 30 minutes. Slides are washed three times with cold PBS five minutes each, allowed to 
air-dry briefly (5 minutes) before applying 20-30 \y\ of the second antibody solution (diluted in PBS, 
2% BSA at 15-50 ng/ml) and incubated at RT in hxmiidified chamber for 30 minutes. The label on 

30 the second antibody may contain a fluorescent probe, enzyme, radiolabel, biotin, or other detectable 
marker. The shdes are washed three times with cold PBS for five minutes each then quickly dipped 
m distilled water, air-dried, and mounted with PBS containing 30% glycerol. Shdes can be stored at 
4°C prior to viewing. 

For samples prepared for electron microscopy (versus Ught microscopy), the second 

35 antibody is conjugated to gold particles. Tissue is fibced and embedded with epoxy plastics, then cut 
into very thin sections (-1-2 jim). The specimen is then appUed to a metal grid, which is then 
incubated in the primary anti-EDAl-II or dl/DL antibody, washed in a buffer containing BSA, then 
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incubated in a secondary antibody conjugated to gold particles (usually 5-20 nm). These gold 
particles sae visualized using electron microscopy methods. 

For the purposes of quantitating the EDAl-E and/or dl/DL protein, a sample of the subject 
which includes cellular proteins, is used. Such a sample can be obtained from cells of the subject, 
5 such as those present in which expression of the protein has been detected. As described in 

EXAMPLE 3, for example. Northern analysis can be used to analyze EDAl-II expression in the 
heart, pancreas, prostate, testis or uterus, but its expression in the skin is clearly the most accessible 
and convenient source from which specimens can be obtained. Quantitation of EDAl-II and/or 
dl/DL protein is made by immunoassay and is compared to levels of the protein found in non-HED 

1 0 cells. A significant (such as 50% or greater) reduction in the amount of EDAl -II protein in the cells 
of a subject compared to the amoimt of EDAl-E protein found in non-XLHED cells indicates that the 
subject may be an XLHED sufferer or carrier. Correspondingly, a significant (such as 50% or 
greater) reduction in the amount of dl/DL protein in the cells of a subject compared to the amount of 
dl/DL protein found in non-autosomal HED cells would be indicate that the subject may be an 

1 5 autosomal HED sufferer or carrier. 

EXAMPLE 27 
Peptide Modifications 

The peptides disclosed herein can be modified using a variety of chemical techniques to 

20 produce derivatives having essentially the same activity as the unmodified peptides, and optionally 
having other desirable properties. For example, carboxylic acid groups of the peptide, whether 
carboxyl-terminal or side chain, can be proAdded in the form of a salt of a pharmaceutically- 
acceptable cation or esterified to form a Ci-Cie ester, or converted to an amide of formula NR1R2 
wherein Ri and R2 are each independently H or Ci-Cie alkyl, or combined to form a heterocyclic ring, 

25 such as a 5- or 6- membered ring. Amino groups of the peptide, whether amino-terminal or side 

chain, can be in the form of a pharmaceuticaUy-acceptable acid addition salt, such as the HCl, HBr, 
acetic, benzoic, toluene sulfonic, maleic, tartaric and other organic salts, or may be modified to Ci- 
C16 alkyl or dialkyl ammo or Anther converted to an amide. 

Hydroxyl groups of the peptide side chain can be converted to Ci-Cie alkoxy or to a Ci-Cie 

30 ester using weU-recognized techniques. Phenyl and phenolic rings of the peptide side chain can be 
substituted with one or more halogen atoms, such as F, CI, Br or I, or with Ci-Cie alkyl, Ci-Cig 
alkoxy, carboxylic acids and esters thereof, or amides of such carboxyhc acids. Methylene groups of 
the peptide side chains can be extended to homologous C2-C4 alkylenes. Thiols can be protected with 
any one of a number of well-recognized protecting groups, such as acetamide groups. Those skilled 

35 in the art will also recognize methods for introducing cyclic structures into the peptides disclosed 
herein to select and provide conformational constraints to the structure that result in enhanced 
stability. For example, a carboxyl-terminal or amino-terminal cysteine residue can be added to the 
peptide, so that when oxidized the peptide will contain a disulfide bond, generating a cyclic peptide. 
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Other peptide cyclizing methods include the formation of thioethers and carboxyl- and amino- 
terminal amides and esters. 

To maintain a ftinctional peptide, particular peptide variants will differ by only a small 
number of amino acids from the peptides disclosed herein. Such variants can have deletions (for 
5 example of 1 -3 or more amino acids), insertions (for example of 1 -3 or more residues), or 

substitutions that do not interfere with the desired activity of the peptides. Substitutional variants are 
those in which at least one residue m the amino acid sequence has been removed and a different 
residue inserted in its place. In particular embodiments, such variants have amino acid substitutions 
of single residues, for example 1, 3, 5 or even 10 substitutions in the full-length EDAl-n, dl or DL 

10 protein (SEQ ID NOS: 2,19, and 17, respectively). 

Peptidomimetic and organomimetic embodiments are also disclosed herein, whereby the 
three-dimensional arrangement of the chemical constituents of such peptido- and organonumetics 
munic the three-dimensional arrangement of the peptide backbone and component amino acid 
sidechains in the peptide, resulting m such peptido- and organomimetics of the peptides of this 

1 5 disclosure having substantial specific hair, tooth, and sweat gland growth promoting and/or hair 
growth inhibiting activity. For computer modeling applications, a pharmacophore is an idealized, 
three-dimensional definition of the structural requirements for biological activity. Peptido- and 
organomimetics can be designed to fit each pharmacophore with current computer modeling software 
(using computer assisted drug design or CADD). See Walters, "Computer-Assisted Modeling of 

20 Drugs", in Klegerman & Groves, eds., 1993, Pharmaceutical Biotechnology, Interpharm Press: 

Buffalo Grove, IL, pp. 165-174 and Principles of Pharmacology (ed. Munson, 1995), chapter 102 for 
a description of techniques used in CADD. 

EXAMPLE 28 

25 Peptide Synthesis and Purification 

The disclosed peptides (and variants, fusions, polymorphismis, fragments, and mutants 
thereof) can be chemically synthesized by any of a number of manxial or automated methods of 
synthesis known in the sat. For example, solid phase peptide synthesis (SPPS) is carried out on a 
0.25 miUimole (mmoie) scale using an Applied Biosystems Model 43 lA Peptide Synthesizer and 

30 using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-terminus protection, coupling with 
dicyclohexylcarbodikoide/ hydroxybenzotriazole or 2-(lH-benzo-triazol-l-yl)-l, 1,3,3- 
tetramethyluronium hexafluorophosphate/ hydroxybenzotriazole (HBTU/HOBT), and using p- 
hydroxymethylphenoxymethylpolystyrene (HMP) or Sasrin resin for carboxyl-terminus acids or Rink 
amide resin for carboxyl-terminus amides. 

35 Fmoc-derivatized amino acids are prepared from the appropriate precursor amino acids by 

tritylation and triphenylmethanol in trifluoroacetic acid, followed by Fmoc derivitization as described 
by Atherton et al {Solid Phase Peptide Synthesis, IRL Press: Oxford, 1989). 
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Sasrin resin-bound peptides are cleaved using a solution of 1% TFA in dichloromethane to 
yield the protected peptide. Where appropriate, protected peptide precursors are cyclized between the 
amino- and carboxyl-termini by reaction of the amino-terminal free amine and carboxyi-terminal free 
acid using diphenylphosphorylazide in nascent peptides wherein the amino acid sidechains are 
5 protected. 

HMP or Rink amide resin-bound products are routinely cleaved and protected sidechain- 
containing cyclized peptides deprotected using a solution comprised of trifluoroacetic acid (TFA), 
optionally also comprising water, thioanisole, and ethanedithiol, m ratios of 100 : 5 : 5 : 2.5, for 0.5 - 
3 hours at RT. 

1 0 Crude peptides are purified by preparative high pressure liquid chromatography (HPLC), for 

example using a Waters Delta-Pak C18 column and gradient elution with 0.1% TFA in water 
modified with acetonitrile. After colunm elution, acetonitrile is evaporated from the eiuted fractions, 
which are then lyophilized. The identity of each product so produced and purified may be confirmed 
by fast atom bombardment mass spectroscopy (FABMS) or electrospray mass spectroscopy (ESMS). 

15 

EXAMPLE 29 

Pharmaceutical Compositions and Modes of Administration 

Various delivery systems for administering the therapies disclosed herein are known, and 
include encapsulation in liposomes, microparticles, microcapsules, expression by recombinant cells, 

20 receptor-mediated endocytosis (Wu and Wu, J. Biol. Chem. 1987, 262:4429-32), and construction of 
therapeutic nucleic acids as part of a retroviral or other vector. Methods of introduction include, but 
are not limited to, mtradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, 
and oral routes. The compounds may be administered by any convenient route, for example by 
infusion or bolus injection, by absorption through epithelial or mucocutaneous hnings (e.g., oral 

25 mucosa, rectal and intestinal mucosa, etc.) and may be administered together with other biologically 
active agents. Administration can be systemic or local. Pharmaceutical compositions can be 
introduced into the central nervous system by any suitable route, including mtraventricular and 
intrathecal injection; intraventricular injection may be fecUitated by an intraventricular catheter, for 
example, attached to a reservoir, such as an Ommaya reservoir. 

30 In one embodiment, pharmaceutical compositions disclosed herein are deMvered locally to 

the area in need of treatment, for example, by local infusion diuing surgery, topical application, e.g., 
in conjimction with a wound dressing after siu-gery, by injection, through a catheter, by a suppository 
or an implant, such as a porous, non-porous, or gelatinous material, including membranes, such as 
silastic membranes, or fibers. In one embodiment, administration can be by direct adminisfration at a 

35 site where hair growth, tooth growth, epithelial, or sweat gland growth is desired. In other 

embodiments, administration can be by direct administration at a site where reduction of hair growth 
or epithelial tissue is desired. 
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The use of liposomes as a delivery vehicle is one delivery method of interest. The 
liposomes fiise with the target site and deliver the contents of the lumen intracellularly. The 
Liposomes are maintained in contact with the target cells for a sufficient time for fusion to occur, 
using various means to maintain contact, such as isolation and binding agents. Liposomes can be 
5 prepared with purified proteins or peptides that mediate fusion of membranes, such as Sendai virus or 
influenza virus. The lipids may be any useful combination of known Uposome fomung lipids, 
including cationic lipids, such as phosphatidylcholine. Other potential hpids include neutral Upids, 
such as cholesterol, phosphatidyl serine, phosphatidyl glycerol, and the Uke. For preparing the 
liposomes, the procedure described by Kate et al. (J. Biol. Chem. 1991, 266:3361) can be used. 

1 0 The present disclosure also provides pharmaceutical compositions which include a 

therapeutically effective amount of the EDAl-n, dl and/or DL protein, RNA, DNA, antisense 
molecule or specific-bindmg agent, alone or with a pharmaceutically acceptable carrier. 
Furthermore, the pharmaceutical compositions or methods of treatment can be administered in 
combination with other therapeutic treatments, such as other agents that promote hair, tooth, and 

1 5 sweat gland development, or agents that reduce hau* growth. 

Delivery systems 

The pharmaceutically acceptable carriers useful herein are conventional. Remington 's 
Pharmaceutical Sciences, by Martin, Mack PubKshing Co., Easton, PA, 15th Edition (1975), 

20 describes compositions and formulations suitable for pharmaceutical delivery of the DNA, RNA, 
proteins, and specific-bmding agents herein disclosed. In general, the nature of the carrier will 
depend on the mode of administration being employed. For instance, parenteral formulations usually 
comprise injectable fluids that include pharmaceutically and physiologically acceptable fluids such as 
water, physiological saline, balanced salt solutions, aqueous dextrose, sesame oil, glycerol, ethanol, 

25 combinations thereof, or the Uke, as a vehicle. The carrier and composition can be sterile, and the 
formulation suits the mode of administration. In addition to biologically-neutral carriers, 
pharmaceutical compositions to be administered can contain minor amounts of non-toxic auxiliary 
substances, such as wetting or emulsifying agents, preservatives, and pH buffering agents and the 
like, for example sodium acetate or sorbitan monolaurate. 

3 0 The composition can be a liquid solution, suspension, emulsion, tablet, pUl, capsule, 

sustained release formulation, or powder. For solid compositions (e.g., powder, pill, tablet, or 
capsule forms), conventional non-toxic soMd carriers can include, for example, pharmaceutical grades 
of mannitol, lactose, starch, sodiiun saccharine, cellulose, magnesium carbonate, or magnesium 
stearate. The composition can be formulated as a suppository, with traditional binders and carriers 

35 such as triglycerides. 

Embodiments of the disclosure comprising medicaments can be prepared with conventional 
pharmaceutically acceptable carriers, adjuvants and counterions as would be known to those of skill 
in the art. 
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The amount of the EDAl-II, dl and/or DL protein, RNA, DNA, antisense molecule or 
specific-binding agent effective in the treatment of a particular disorder or condition will depend on 
the nature of the disorder or condition, and can be determined by standard clinical techniques. In 
addition, in vitro assays can be employed to identify optimal dosage ranges (see EXAMPLES 19 and 
5 20). The precise dose to be employed in the formulation will also depend on the route of 

administration, and the seriousness of the disease or disorder, and should be decided according to the 
judgment of the practitioner and each subject's circimistances. Effective doses can be extrapolated 
from dose-response curves derived from in vitro or animal model test systems. 

The disclosure also provides a pharmaceutical pack or kit comprising one or more containers 

1 0 filled with one or more of the ingredients of the pharmaceutical compositions. Optionally associated 
with such container(s) can be a notice in the form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects approval by 
the agency of manufacture, use or sale for human administration. Instructions for use of the 
composition can also be included. 

15 The disclosure provides compositions of the EDA-1, dl, and/or DL peptides, for example a 

composition that is comprised of at least 90% of the peptide, variant, polymorphism, fiision, analog, 
derivative or mimetic in the composition. Such compositions are useful as therapeutic agents when 
constituted as pharmaceutical compositions with the appropriate carriers or diluents. 

20 Administration of Nucleic Acid Molecules 

In an embodiment in which an EDA 1 -II, dl, and/or DL nucleic acid (or fragment, variant, 
fusion, mutant, or polymorphism thereof) is employed to allow expression of the nucleic acid in a 
cell, for in gene therapy, the nucleic acid is delivered intracellularly (e.g., by expression from a 
nucleic acid vector or by receptor-mediated mechanisms). In an embodiment where the therapeutic 

25 molecule is a nucleic acid or antisense molecule, administration can be achieved by an appropriate 

nucleic acid expression vector which is administered so that it becomes intracellular, e.g., by use of a 
retroviral vector (see U.S. Patent No. 4,980,286), or by direct mjection, or by use of microparticle 
bombardment (e.g., a gene gun; BioUstic, Dupont), or coating with lipids or cell-surface receptors or 
transfecting agents, or by administering it in linkage to a homeobox-like peptide which is known to 

30 enter the nucleus (see e.g., Joliot et al, Proc. Natl. Acad. Sci. USA 1991, 88:1864-8), etc. 

Alternatively, the nucleic acid can be introduced intracellularly and incorporated within host cell 
DNA for expression, by homologous recombination. 

The vector pcDNA, is an example of a method of introducing the foreign cDNA into a cell 
under the control of a strong viral promoter (CMV) to drive the expression. However, other vectors 

35 can be used (see EXAMPLES 22 and 3 1). Other retroviral vectors (such as pRETRO-ON, Clontech), 
also use this promoter but have the advantages of entering cells without any transfection aid, 
integrating into the genome of target cells ONLY when the target cell is dividing (as cancer cells do, 
especially during first remissions after chemotherapy) and they are regulated. It is also possible to 
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tum on the expression of the EDAl-II, dl, and/or DL nucleic acid by administering tetracycline when 
these plasmids are used. Hence these plasmids can be allowed to transfect the cells, then administer a 
course of tetracycline with a course of chemotherapy to achieve better cytotoxicity. 

Other plasmid vectors, such as pMAM-neo (Clontech) or pMSG (Pharmacia) use the 
5 MMTV-LTR promoter (which can be regulated with steroids) or the SVl 0 late promoter (pSVL, 
Pharmacia) or metaUothionein-responsive promoter (pBPV, Pharmacia) and other viral vectors, 
including retroviruses. Examples of other viral vectors include adenovirus, AAV (adeno-associated 
virus), recombinant HSV, poxviruses (vaccinia) and recombinant lentivirus (such as HIV). These 
vectors achieve the basic goal of delivering into the target cell the cDNA sequence and control 
1 0 elements needed for transcription. The present disclosure includes all forms of nucleic acid delivery, 
including synthetic oligos, naked DNA, plasmid and viral, integrated into the genome or not. 

Administration of Antibodies 

In an embodiment where the therapeutic molecule is an antibody, such as an antibody that 
1 5 recognizes an EDAl-II, dl, or DL protein, administration may be achieved by direct injection, or by 
use of microparticle bombardment (e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell- 
surface receptors or transfecting agents. Similar methods can be used to administer a EDAl-II, dl, or 
DL protein, of fragments, fusions, or variants thereof. 

20 EXAMPLE 30 

Methods for Expressing EDAl-II, dl, and or DL in vivo 
The present disclosure provides methods of expressing EDAl-II, dl and/or DL in a cell or 
tissue in vivo. In one embodiment, transfection of the cell or tissue occurs in vitro. M this example, 
the cell or tissue (such as a graft) is removed from a subject and then transfected with an expression 
25 vector containing EDAl-II, dl or DL cDNA. The transfected cells wiU produce fimctional EDAl-II, 
dl or DL protein and can be reintroduced into the subject. In another embodiment, the EDAl-II, dl 
and/or DL nucleic acid is administered to the subject directly, and transfection occurs in vivo. 

The EDAl-n, dl and/or DL sequences disclosed herein, can be used in methods of treating a 
subject with HED such as a subject suffering from an EDAl-Il, dl and/or DL gene deletion or 
30 mutation. Such a method would promote the development of hair, teeth, sweat glands and/or ectoderm 
in persons suflFering from HED or defects in hair, tooth, sweat gland and/or skm development. 

The scientific and medical procedures required for himian cell transfection are now routine. 
The provision herein of EDAI-II, dl and DL cDNAs allows the development of hmnan (and other 
mammals) in vivo gene expression based upon these procedures. Immunotherapy of melanoma 
35 patiente using genetically engineered tumor- infiltrating lymphocj^es (TILs) has been reported by 
Rosenberg et al. {N. Engl. J. Med. 323:570-8, 1990). In that study, a refrovmis vector was used to 
introduce a gene for neomycin resistance into TILs. A similar approach may be used to infroduce the 
EDAl-n, dl and/or DL cDNA mto patients affected by EDAl-II, dl or DL deletions or mutations. 
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In some embodiments, a method of treating subjects which under express functional EDAl- 
n, dl and/or DL, or m which greater functional EDAl-U, dl and/or DL expression is desired, is 
disclosed. These methods can be accomplished by introducing a gene coding for EDAl-II, dl and/or 
DL gene into a subject. A general strategy for transferring genes into donor cells is disclosed in U.S. 
5 Patent No. 5,529,774, incorporated by reference. Generally, a gene encoding a protein having 
therapeutically desired effects is cloned into a viral expression vector, and that vector is then 
introduced into the target organism. The virus infects the cells, and produces the protein sequence in 
vivo, where it has its desired therapeutic effect. Zabner et al. {Cell 75:207-16, 1993). 

It may only be necessary to introduce the genetic or protem elements into certain cells or 

1 0 tissues. For example, in the case of HED, introducing them into only the skin may be sufficient. 

However, in some instances, it may be more therapeutically effective and simple to treat all of a subject's 
cells, or more broadly disseminate the vector, for example by intravascular administration. 

The nucleic acid sequence encoding at least one therapeutic agent is under the control of a 
suitable promoter. Suitable promoters which may be employed include, but are not limited to, the 

1 5 gene's native promoter, retroviral LTR promoter, or adenoviral promoters, such as the adenoviral 

major late promoter; the CMV promoter; the RSV promoter; inducible promoters, such as the MMTV 
promoter; the metallothionein promoter; heat shock promoters; the albumin promoter; the histone 
promoter; the a-actin promoter; TK promoters; B19 parvovirus promoters; and the ApoAI promoter. 
However the scope of the disclosure is not limited to specific foreign genes or promoters. 

20 The recombinant nucleic acid can be administered to the subject by any method which 

allows the recombinant nucleic acid to reach the appropriate cells. These methods include injection, 
infiision, deposition, implantation, or topical admioistration. injections can be intradermal or 
subcutaneous. The recombinant nucleic acid can be delivered as part of a viral vector, such as avipox 
viruses, recombinant vaccinia virus, replication-deficient adenovirus strains or poliovhus, or as a 

25 non-infectious form such as naked DNA or liposome encapsulated DNA, as further described m 
EXAMPLE 31. 

EXAMPLE 31 
Viral Vectors for in vivo Gene Expression 

30 Adenoviral vectors include essentially the complete adenoviral genome (Shenk et al, Curr. 

Top. Microbiol. Immunol. 111:1-39, 1984). Alternatively, the adenoviral vector is a modified 
adenoviral vector in which at least a portion of the adenoviral genome has been deleted. In one 
embodiment, the vector includes an adenoviral 5' ITR; an adenoviral 3' ITR; an adenoviral 
encapsidation signal; a DNA sequence encoding a therapeutic agent; and a promoter for expressing 

35 the DNA sequence encoding a therapeutic agent. The vector is fi-ee of at least the majority of 
adenoviral El and E3 DNA sequences, but is not necessarily free of all of the E2 and E4 DNA 
sequences, and DNA sequences encoding adenoviral proteins transcribed by the adenoviral major late 
promoter. In another embodiment, the vector is an adeno-associated virus (AAV) such as described 
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in U.S. Patent No. 4,797,368 (Carter et al.) and in McLaughlin et al. (J. Virol. 62: 1963-73, 1988) and 
AAV type 4 (Chiorini et al. J. Virol. 71:6823-33, 1997) and AAV type 5 (Chiorini et al J. Virol. 
73:1309-19, 1999) 

Such a vector can be constructed according to standard techniques, using a shuttle plasmid 
5 which contains, beginning at the 5' end, an adenoviral 5' ITR, an adenoviral encapsidation signal, and 
an El a enhancer sequence; a promoter (which may be an adenoviral promoter or a foreign promoter); 
a tripartite leader sequence, a multiple cloning site (which may be as herein described); a poly A 
signal; and a DNA segment which corresponds to a segment of the adenoviral genome. The DNA 
segment serves as a substrate for homologous recombination with a modified or mutated adenovirus, 

10 and may encompass, for example, a segment of the adenovirus 5' genome no longer than from base 
3329 to base 6246. The plasmid can also include a selectable marker and an origin of replication. 
The origin of replication may be a bacterial origm of replication. A desired DNA sequence encoding 
a therapeutic agent can be inserted into the miiltiple cloning site of the plasmid. 

The plasmid can be used to produce an adenoviral vector by homologous recombination 

1 5 with a modified or mutated adenovirus in which at least the majority of the El and E3 adenoviral 
DNA sequences have been deleted. Homologous recombination can be effected through co- 
transfection of the plasmid vector and the modified adenovirus into a helper cell line, such as 293 
cells, by CaP04 precipitation. The homologous recombination produces a recombinant adenoviral 
vector which includes DNA sequences derived fi-om the shuttle plasmid between the Not 1 site and 

20 the homologous recombination fragment, and DNA derived from the El and E3 deleted adenovirus 
between the homologous recombination fragment and the 3' ITR. 

In one embodiment, the adenovirus is constructed by using a yeast artificial chromosome (or 
YAC) containing an adenoviral genome according to the method described in Ketner et al. {Proc. 
Natl Acad. Sci. USA, 91:6186-90, 1994), in conjunction with the teachings contained herein. In this 

25 embodiment, the adenovirus YAC is produced by homologous recombination in vivo between 
adenoviral DNA and YAC plasmid vectors carrying segments of the adenoviral left and right 
genomic termini. A DNA sequence encoding a therapeutic agent then is cloned into the adenovkal 
DNA. The modified adenoviral genome then is excised from the adenovirus YAC to be used to 
generate adenoviral vector particles as herein described. 

30 Adenoviral particles are administered in an amount effective to produce a therapeutic effect 

in a subject. The exact dosage of adenoviral particles to be administered is dependent upon a variety 
of factors, including the age, weight, and sex of the subject to be treated, and the nature and extent of 
the disease or disorder to be treated. The adenoviral particles may be administered as part of a 
preparation having a titer of adenoviral particles of at least 1 x lO^^pfij/ml, and in general not 

35 exceeding 2 x lO" pfii/ml. The adenoviral particles can be administered in combination with a 

pharmaceuticaUy acceptable carrier in a volume up to 10 ml. The pharmaceutically acceptable carrier 
may be, for example, a liquid carrier such as a saline solution, protamine sulfate (Elkins-Sinn, Inc., 
Cherry Hill, NJ), or Polybrene (Sigma Chemical) as weU as those described in EXAMPLE 29. 
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In another embodiment, the viral vector is a retroviral vector. Retroviruses can be used for 
in vivo gene expression because they have a high efBciency of infection and stable integration and 
expression (Orkin et al, 1988, Prog. Med. Genet.l:UQ-A2). The fiill length EDAl-H and/or dl/DL 
gene or cDNA can be cloned into a retroviral vector and driven from either its endogenous promoter 
5 or from the retroviral LTR. Examples of refroviral vectors which can be used include, but are not 

limited to, MMLV, spleen necrosis virus, and vectors derived from retroviruses such as RSV, Harvey 
Sarcoma Virus, avian leukosis virus, HTV, myeloproMferative sarcoma virus, and mammary tumor 
virus. The vector is generally a replication defective retrovirus particle. 

Retroviral vectors are usefiil to effect retroviral-mediated gene transfer mto eukaryotic cells. 

1 0 Retroviral vectors are generally constructed such that the majority of sequences coding for the 
structural genes of the virus are deleted and replaced by the gene(s) of interest. Most often, the 
structural genes (i.e., gag, pol, and env), are removed from the refroviral backbone using genetic 
engineering techniques known in the art. Examples include digestion with the appropriate restriction 
endonuclease or, in some instances, with Bal 31 exonuclease to generate fragments containing 

1 5 appropriate portions of the packaging signal. 

Other viral transfection systems may also be utilized for this type of approach, including 
Vaccinia virus (Moss et al, 1987, Annu. Rev. Immunol. 5:305-24), Bovine Papilloma virus 
(Rasmussen et al, 1987, Methods Enzymol 139:642-54) or members of the herpes virus group such 
as Epstein-Barr virus (Margolskee et al, 1988, Mol Cell Biol 8:2837-47). In anoflier embodiment 

20 RNA-DNA hybrid oligonucleotides, as described by Cole-Sttauss et al (^Science 273: 1386-9, 1996) 
are used. This technique can allow for site-specific integration of cloned sequences, permitting 
accurately targeted gene replacement. 

New genes can be incorporated into proviral backbones in several ways. In the most 
sfraightforward constructions, the structural genes of the refrovirus are replaced by a single gene 

25 which then is franscribed imder the confrol of the viral regulatory sequences within the LTR. 

Refroviral vectors have also been constructed which can inttoduce more than one gene into target 
cells. Usually, in such vectors one gene is under the regulatory confrol of the viral LTR, while the 
second gene is expressed either off a spliced message or is under the regulation of its own, internal 
promoter. Alternatively, two genes may be expressed from a single promoter by the use of an 

30 Internal Ribosome Entry Site, 

EXAMPLE 32 
Method for Generating Mimetics 

Also disclosed are biologically active molecules that mimic the action of EDAl-II, dl and/or 
35 DL proteins. The disclosure therefore includes synthetic embodiments of naturally-occurring 
peptides described herein, as well as mimetics (non-peptide organic molecules), derivatives 
(chemically ftmctionalized peptide molecules obtained starting with the disclosed peptide sequences) 
and variants (homologs) of these peptides that specifically modulate hair, tooth and sweat gland 
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development, for example increase hair follicle, tooth and sweat gland development or decrease hair 
folHcle development Each peptide of the disclosure is comprised of a sequence of anuno acids, 
which may be either L- and/or D- amino acids, naturally occurring and otherwise. Compoimds or 
other molecules which mimic EDAl-II, dl, and/or DL activity can be identified and/or designed. 
5 Mimetics include molecules, such as an organic chemical compound, that mimic the activity 

of EDAl-n, dl, and/or DL. Peptidonumetic and organomimetic embodiments are within the scope of 
this term, wherein the three-dimensional arrangement of the chemical constituents of such peptido- 
and organomimetics mimic the three-dimensional arrangement of the peptide backbone and 
component amino acid sidechains in the peptide, resulting in such peptido- and organomimetics of 

10 the peptides having substantial specific inhibitory activity. For computer modeling appUcations, a 
pharmacophore is an idealized, three-dimensional definition of the structural requirements for 
biological activity. Peptido- and organomimetics can be designed to fit each pharmacophore with 
current computer modeling software (using computer assisted drug design). See Walters, Computer- 
Assisted Modeling of Drugs, in Klegerman & Groves, eds., 1993, Pharmaceutical Biotechnology, 

1 5 Interpharm Press: Buffalo Grove, EL, pp. 165-174 and Principles of Pharmacology (ed. Mimson, 
1995), chapter 102 for a description of techniques used in computer assisted drug design. 

Crystallography 

To identify the amino acids that interact between a Ta/EDAl-H Hgand and dl/DL receptor, 
20 the Ugand is co-crystaUized in the presence of a receptor protein, for example, DL/dl. One method 
that can be used is the hanging drop method. M this method, a concentrated salt, ligand and receptor 
protein solution is applied to the underside of a hd of a multiwell dish. A range of concentrations 
may need to be tested. The Kd is placed onto the dish, such that the droplet "hangs" from the Ud. As 
the solvent evaporates, a protein crystal is formed, which can be visuahzed with a microscope. This 
25 crystallized structure is subjected to X-ray diffiaction or MMR analysis allowing amino acid residues 
that are in contact with one another to be determined. The amino acids in contact with one another 
establish a pharmacophore that can then be used to identify drugs that interact at that same site. 

Identification of drugs 

30 Once these amino acids are identified, synthetic drug databases (which can be licensed from 

several different drug companies) can be screened to identify drugs that interact with the same amino 
acids of Ta/EDAl-II that dl/DL mteracts with. Moreover, structure activity relationships and 
computer assisted drug design can be performed as described in Remmgton, The Science and 
Practice of Pharmacy, Chapter 28. 



Designing synthetic peptides 

Synthetic peptides can be designed from the sequence of an ligand (such as dl or DL) that 
interacts with a receptor, such as Ta or EDAl-II. Several different peptides can be generated from 
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this region. This can be done with or without the crystallography data. However, once 
crystallography data is available, peptides can also be designed that bind better than Ta/EDAl-II. 

Chimeric peptides can be expressed recombinantly as described herein. One advantage of 
synthetic peptides over the monoclonal antibodies is that they are smaller, and therefore diffuse 
5 easier, and are not as likely to be unmunogenic. Standard mutagenesis of such peptides can also be 
performed to identify variant peptides having even greater EDAl-II biological activity. 

After synthetic drugs or peptides that bind to a dl/DL receptor have been identified, their 
abiUty to modulate hair follicle, tooth, and sweat gland development, can be tested as described in 
EXAMPLES 19 and 20. Those that are positive would be good candidates for therapies, such as 
1 0 treatment of diseases mcluding, but not Umited to HED, or diseases or conditions in which the 
modulation of hair foUicle, tooth, and/or sweat gland development is desired, for example the 
stimulation of such development, includuig conditions resulting from bums, traimia, surgery, or 
baldness, or for example reduction of such development, such as reducing hair growth m subjects 
suffering from hirsutism. 

15 

EXAMPLE 33 
Disruption of EDAl-II and/or DL/dl Expression 

This example describes methods that can be used to disrupt expression of EDAl-II and/or 
DL/dl. Such methods are useful when decreasing hair folUcle, tooth, sweat gland and/or skin 

20 epidermis development is desired, for example decreasmg hah growth m subjects suffering from 
hirsutism. The method can also be used to inhibit the development of teeth, such as ectopic teeth. 
The selective elunmation of sweat glands can also be achieved, for example for cosmetic reasons. 
Some mdividuals may deshe to reduce sweat gland activity, for example on the upper Up or under the 
arm. The method can also be used to inhibit breast epithelial cell proliferation, for example m the 

25 tteatment of breast cancer. As shown in EXAMPLE 17, tooth germ development can be inhibited by 
admhiistering soluble receptor for the ligand. Another approach to disrupting EDAl-II and/or DL/dl 
fimction or expression is to use antisense oligonucleotides. 

To design antisense oligonucleotides, the mRNA sequence from the desired molecule, such 
as EDAl-n and/or DL/dl, is exammed. Regions of the sequence contammg multiple repeats, such as 

30 TTTTTTTT, are not as desfrable because they vdll lack specificity. Several different regions can be 
chosen. Of those, oligos are selected by the foliowuig characteristics: those haviag the best 
conformation in solution; those optimized for hybridization characteristics; and those having less 
potential to form secondary structures. Antisense molecules having a propensity to generate 
secondary structures are less desirable. 

35 Plasmids contaming EDAl-II and/or DL/dl antisense sequences can be generated. For 

example, cDNA fragments or variants codmg for EDAl-II and/or DL are PGR amplified. The 
nucleotides are amplified using Pfii DNA polymerase (Sfratagene) and cloned in antisense orientation 
a vector, such as pcDNA vectors (InVitrogen, Carlsbad, CA). The nucleotide sequence and 
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orientation of the insert can be confirmed by sequencing using a Sequenase kit (Amersham 
Pharmacia Biotech). 

Generally, the term "antisense" refers to a nucleic acid capable of hybridizing to a portion of 
a EDAl-n and/or DL/dl RNA (such as mRNA) by virtue of some sequence complementarity. The 
5 antisense nucleic acids disclosed herein can be oligonucleotides that are double-stranded or single- 
stranded, RNA or DNA or a modification or derivative thereof, which can be directly administered to 
a cell, or which can be produced intracellularly by transcription of exogenous, introduced sequences. 

The EDAl-n and/or DL/dl antisense nucleic acids are polynucleotides, and can be 
oligonucleotides (ranging fi-om about 6 to about 100 oligonucleotides). In specific aspects, the 

1 0 oligonucleotide is about at least 10, 1 5, or 100 nucleotides, or a polynucleotide of at least 200 

nucleotides. The antisense nucleic acids can be much longer. The nucleotide can be modified at the 
base moiety, sugar moiety, or phosphate backbone, and can include other appending groups such as 
peptides, or agents fecilitating transport across the cell membrane (Letsinger et al, Proc. Natl. Acad. 
Sci. USA 1989, 86:6553-6; Lemaitre et al, Proc. Natl Acad. Sci. USA 1987, 84:648-52; PCX 

1 5 PubHcation No. WO 88/09810) or blood-brain barrier (PCX PubUcation No. WO 89/10134), 

hybridization triggered cleavage agents (Krol et al, BioTechniques 1988, 6:958-76) or intercalating 
agents (Zon, Pharm. Res. 1988, 5:539-49). 

In one embodiment, an EDAl-II and/or DL/dl antisense polynucleotide (including 
oligonucleotides) is provided, for example of single-stranded DNA. The EDAl-II and/or DL/dl 

20 antisense polynucleotide recognizes any species of EDAl-II and/or DL/dl. Xhe antisense 

polynucleotide can be modified at any position on its structure with substituents generally known in 
the art. For example, a modified base moiety can be 5-fluorouracU, 5-bromouracil, 5-chlorouracil, 5- 
iodouracil, hypoxanthine, xanthine, acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
carboxymethylaminomethyl-2-thiouridiae, 5-carboxymethylaminomethyluracil, dihydrouracil, beta- 

25 D-galactosylqueosine, inosme, N~6-sopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2- 
dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6- 
adenine, 7-methylguanine, S-methylaminomethyluracil, methoxyaminomethyl-2-thiouracil, beta-D- 
mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid, pseudoiu^cU, queosine, 2-thiocytosiae, 5-methyl-2- 

30 thioiu^cil, 2-thiouracil, 4-tliiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-S- 
oxyacetic acid, 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, and 2,6- 
diaminopurine. 

In another embodiment, the polynucleotide includes at least one modified sugar moiety such 
as arabinose, 2-fluoroarabinose, xylose, and hexose, or a modified component of the phosphate 
35 backbone, such as phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a 

phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyl phosphotriester, or a 
formacetal or analog thereof 
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In yet another embodiment, the polynucleotide is an a-anomeric oligonucleotide. An a- 
anomeric oligonucleotide forms specific double-stranded hybrids with complementary RNA in 
which, contrary to the usual p-units, the strands run parallel to each other (Gautier et al, Nucl. Acids 
Res. 1987, 15:6625-41). The ohgonucleotide can be conjugated to another molecule, e.g., a peptide, 
5 hybridization triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent. 
Oligonucleotides can include a targeting moiety that enhances uptake of the molecule by cells. The 
targeting moiety can be a specific binding molecule, such as an antibody or fragment thereof that 
recognizes a molecule present on the surfece of the cell, such as a hair follicle cell. 

As an alternative to antisense inhibitors, catalytic nucleic acid compoimds, such as 

1 0 ribozymes or anti-sense conjugates, can be used to mhibit gene expression. Ribozymes can be 

synthesized and administered to the subject, or can be encoded on an expression vector, from which 
the ribozyme is synthesized m the targeted cell (as m PCI pubhcation WO 9523225, and Beigehnan 
et al. Nucl. Acids Res. 1995, 23:4434-42). Examples of oUgonucleotides with catalytic activity are 
described in WO 9506764. Conjugates of antisense with a metal complex, e.g. terpyridylCu (II), 

1 5 capable of mediatmg mRNA hydrolysis, are described in Bashkin et al., Appl. Biochem Biotechnol. 
1995, 54:43-56. 

Polynucleotides disclosed herein can be synthesized by standard methods, for example by 
use of an automated DNA synthesizer (Biosearch, Applied Biosystems, etc.). As examples, 
phosphorothioate oligos can be synthesized by the method of Stein et al. (Nucl. Acids Res. 1998, 

20 16:3209), methylphosphonate oHgos can be prepared by use of controlled pore glass polymer 

supports (Sarin et al., 1988, Proc. Natl. Acad Sci. USA 85:7448-5 1). In a specific embodiment, an 
EDAl-n, dl, and/or DL antisense oligonucleotide comprises catalytic RNA, or a ribozyme (see PCT 
International Pubhcation WO 90/11364, Sarver et al. Science 1990, 247:1222-5). Li another 
embodiment, the ohgonucleotide is a 2'-0-methylribonucleotide (Inoue et al., Nucl. Acids Res. 1987, 

25 15:6131-48), or a chimeric RNA-DNA analogue (hioue etal, FEES Lett. 1987, 215:327-330). 

The antisense polynucleic acids disclosed herem comprise a sequence complementary to at 
least a portion of an RNA transcript of an EDAl-II and/or DL/dl gene, such as a human DL gene. 
However, absolute complementarity, although advantageous, is not required. A sequence can be 
complementary to at least a portion of an RNA, meaning a sequence having sufficient 

30 complementarily to be able to hybridize with the RNA, forming a stable duplex; in the case of 

double-stranded DL/dl antisense nucleic acids, a smgle strand of the duplex DNA may thus be tested, 
or triplex formation can be assayed. The ability to hybridize depends on the degree of 
complementarity and the length of the antisense nucleic acid. Generally, the longer the hybridizing 
nucleic acid, the more base mismatches with a EDAl-II and/or DL/dl RNA it may contam and still 

35 form a stable duplex (or triplex, as the case may be). One skilled m the art can ascertain a tolerable 
degree of mismatch by use of standard procedures to determine the melting point of the hybridized 
complex. 
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The relative ability of polynucleotides (such as oligonucleotides) to bind to complementary 
strands is compared by determining the of a hybridization complex of the poly/oligonucleotide 
and its complementary strand. Base stacking, which occurs during hybridization, is accompanied by 
a reduction in UV absorption (hypochromicity). A reduction in UV absorption mdicates a higher T^. 
5 The higher the Tm the greater the strength of the binding of the hybridized strands. As close to 

optimal fidelity of base pairing as possible achieves optimal hybridization of a poly/oligonucleotide 
to its target RNA. 

The amount of EDAl-II and/or DL/dl antisense nucleic acid which is effective in the 
treatment of a particular disease or condition depends on the nature of the disease or condition, and 
1 0 can be determined by standard clinical techniques. In one embodiment, it may be usefiil to use 

compositions to achieve sustained release of the EDAl-II and/or DL/dl antisense nucleic acids. In 
another embodiment, it may be desirable to utilize Uposomes targeted via antibodies to specific 
identifi^able hair follicle, tooth, epithehal cell, and/or sweat gland antigens (Leonetti et al. Proc. Natl. 
Acad. Sci. USA 1990, 87:2448-51; Renneisen a/. J. Biol. Chem. 1990, 265:16337-42). 

15 

EXAMPLE 34 
Methods of Treatment using Antisense Molecules 

When EDAl-n and/or DL/dl levels are prematurely downregulated using antisense, hair 
follicle, tooth, sweat gland, and/or skin epidermis development may be decreased or inhibited. 

20 EDAl-n and/or DL/dl antisense oligonucleotides (EXAMPLE 33) can be used to disrupt cellular 
expression of a EDAl-II and/or DL/dl protein. 

The subject suffering fi-om a disease or condition in which reduction of hair follicle, tooth, 
and/or sweat gland development is desired, can be treated with a therapeutically effective amount of 
EDAl-II and/or DL/dl antisense molecule. After the EDAl-II and/or DL/dl antisense has taken 

25 affect (EDAl-II and/or DL/dl levels are dovmregulated), for example after 24-48 hours, the subject 
can be monitored for decreased of hair follicle, tooth, and/or sweat gland development, for example 
as described in EXAMPLES 19 and 20. 

Prophylactic Treatments 

30 The treatments disclosed herein can also be used prophylactically, for example to inhibit or 

prevent progression to of a disorder in which decreased of hair follicle, tooth, and/or sweat gland 
development is desired. Such administration is indicated where the treatment is shown to have utihty 
for treatment or prevention of the disorder. The prophylactic use is indicated in conditions kaown or 
suspected of preceding progression to disorders associated with an xmdesired amount of hair, tooth, 

35 and/or sweat gland development, for example in diseases associated with EDAl-II and/or DL/dl 
expression. Such diseases include, but are not limited to hirsutism (also see EXAMPLE 20). 
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EXAMPLE 35 
Cloning Genomic DNA 

Having provided the isolated EDAl-II ligand sequence, and the mammalian dl and DL 
receptor sequences, this disclosure also includes genomic sequences from which these cDNAs are 
5 derived. The exon sequences of EDA-II are shown in SEQ ID NOS 5-11, and the exon/iutron 
sequences of DL are shown in Table 5 (SEQ ID NOS 94-1 16). 

Methods for cloning EDAl-II, dl and/or DL genomic DNA from any species, such as 
mammals, are known to those skilled in the art (Sambrook et al. Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, New York. 1989). Briefly, EDAl-II, dl and/or DL 

1 0 cDNA (full length or fragments thereof, for example SEQ ID NOS: 1 , 12, and 1 8, respectively) is 
radiolabeled with Rediprime II (Amersham Pharmacia Biotech) as instructed by the manufecturer. 
The radiolabeled cDNA is used to screen a bacteriophage ?tgtl 1 genomic library. Genomic DNA of 
the resulting positive clones is isolated, purified and digested with appropriate restriction en2ymes. 
Digested DNA is separated by agarose gel electrophoresis and blotted onto a nylon membrane. A 

1 5 Southern-Blot is performed using radioactive cDNA of EDA 1 -11, dl and/or DL to identify the exons. 
Bands that hybridized with the cDNA are isolated from the gel and sequenced. The resulting DNA 
sequence is analyzed by specific computer programs to identify the promoter region and exon/infron 
donor/acceptor sites. 

20 EXAMPLE 36 

Generation and Expression of Fusion Proteins 

Methods for making fijsion proteins are well known to those skilled in the art. For example 
U.S. Patent No. 6,057,133 to Bauer et al. (herein incorporated by reference) discloses methods for 
making fiision molecules composed of human interleukin-3 (hIL-3) variant or mutant proteins 

25 functionally joined to a second colony stimulating factor, cytokine, lymphokine, interleukin, 
hematopoietic growth factor or EL-3 variant. U.S. Patent No. 6,072,041 to Davis et al. (herein 
incorporated by reference) discloses the generation of fiision proteins comprising a single chain Fv 
molecule directed against a transcytotic receptor covalently linked to a therapeutic protein. 

Similar methods can be used to generate fiision proteins comprising EDAl-II, DL and/or dl 

30 (or variants or fragments thereof) linked to other amino acid sequences. Linker regions can be used 
to space the two portions of the protein from each other and to provide flexibility between them. The 
linker region is generally a polypeptide of between 1 and 500 amino acids in length, for example less 
than 30 amino acid in length. The linker joining the two molecules can be designed to (1) allow the 
two molecules to fold and act independently of each other, (2) not have a propensity for developing 

35 an ordered secondary structure which could interfere with the fijnctional domains of the two proteins, 
(3) have minimal hydrophobic or charged characteristic which could interact with the fimctional 
protein domains and (4) provide steric separation of the two regions. Typically surface amino acids 
in flexible protein regions include Gly, Asn and Ser. Other neufral amino acids, such as Thr and Ala, 
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can also be used in the linker sequence. Additional amino acids can be included ia the linker due to 
the addition of unique restriction sites in the linker sequence to facilitate construction of the fusions. 
Other moieties can also be included, as desired. These can include a binding region, such as avidin or 
an epitope, such as a polyhistadme tag, which can be useful for purification and processing of the 
5 flision protein. In addition, detectable markers can be attached to the fusion proteio, so that the traffic 
of the fusion protein through a body or cell can be monitored conveniently. Such markers include 
radionuclides, enzymes, fluors, and the like. 

Fusing of the nucleic acid sequences of EDAl-E, DL and/or dl (or variant or fi-agment 
thereof), with the nucleic acid sequence of another protein (or variant or fi'agment thereof), can be 

1 0 accomplished by the use of intermediate vectors. Alternatively, one gene can be cloned directly into 
a vector containing the other gene. Linkers and adapters can be used for joining the nucleic acid 
sequences, as well as replacing lost sequences, where a restriction site was mtemal to the region of 
interest. Genetic material (DNA) encoding one polypeptide, peptide linker, and the other polypeptide 
is inserted into a suitable expression vector which is used to transform prokaryotic or eiikaryotic cells, 

1 5 for example bacteria, yeast, insect cells or mammalian cells (see EXAMPLE 22). The transformed 
organism is grown and the protein isolated by standard techniques, for example by using a detectable 
marker such as nickel-chelate aflHnity chromatography, if a polyhistadine tag is used. The resultmg 
product is therefore a new protein, a fusion protein, which has a EDAl-II, DL and/or dl joined by a 
hnker region to a second protein. To confirm that the fusion protein was expressed, the purified 

20 protein is subjected to electrophoresis in SDS-polyacrylamide gels, and transferred onto 

nitrocellulose membrane filters using established methods. The protein products can be identified by 
Western blot analysis using antibodies directed against the individual components, i.e., polyhistadine 
tag and EDAl-II, DL and/or dl (see EXAMPLE 23). 

Having illustrated and described an EDAl-II isoform, a murine di and a human DL cDNA, 

25 the proteins encoded by the cDNA, and modes of use of these biological molecules, it should be 
apparent to one skilled in the art that the disclosure can be modified in arrangement and detail 
without departing from such principles. In view of the many possible embodiments to which the 
principles of our disclosure may be applied, it should be recognized that the illustrated embodiments 
are only particular examples of the disclosure and should not be taken as a limitation on the scope of 

30 the disclosure. Rather, the scope of the disclosure is in accord with the following claims. We 
therefore claim as our invention all that comes within the scope and spirit of these claims. 



